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Abstract
Lyme disease is the most common vector-borne zoonosis in North America and over the
past decade, reported cases of the disease have been rapidly increasing in many regions
throughout Canada. The relative novelty of this public health threat presents nature-based
tourism and recreation organizations with a range of policy and management challenges.
Currently there is a limited understanding of public perceptions and behaviours associated with
tick and Lyme disease risk, especially within a Canadian parks and protected areas visitation and
visitor experience context. To address this practical and scholarly knowledge gap, this study
utilized in-situ surveys to explore visitor perceptions, behaviours, and communication
preferences related to tick and Lyme disease risk in one of Ontario’s most highly visited
protected areas, Pinery Provincial Park.
Using a range of statistical and qualitative methods and analytical approaches, results
suggest an increasing threat of ticks and tick-borne illnesses in Ontario and Canada more broadly
will have significant implications for visitation and visitor experiences in parks. Despite visitors
perceiving ticks as a significant in-park health risk, few visitors perceived themselves as
sufficiently educated on ticks and tick-borne illnesses. Consequently, most visitors fail to adopt
tick bite prevention behaviours both before and during their park visit. Further, it was revealed
that a significant proportion of visitors will unlikely return to the park if regional cases of Lyme
disease continue to rapidly increase under climate change.
These findings, combined with the latest projections on Canadian tick expansion, suggest
That parks and other forms of protected areas in Ontario may experience significant decreases in
visitation and, in turn, revenue, in the future. Considering these results, a variety of proactive
management recommendations are discussed. Examples include the development and
enhancement of on- and off-site education, communication, and outreach programmes where
appropriate. Management agencies such as Ontario Parks should begin the difficult process of
implementing proactive visitor risk management strategies to better ensure visitor health and
safety both in the immediate term and in the emerging era of range expansion and increased
human exposure to ticks and Lyme disease.
Keywords: ticks; Lyme disease; risk; risk communication; protected areas; parks; visitor
experiences; behaviours; perceptions; segmentation; management; communication.
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CHAPTER 1:
INTRODUCTION
Lyme disease is one of the fastest-growing vector-borne illnesses in North America and
rates of this illness are expected to exponentially increase in Canada throughout the coming years
(Akbarian et al., 2020; Bouchard et al., 2019; Miller, 2018). While a number of factors have been
attributed to these increasing rates including habitat fragmentation, and changes in land use,
vegetation structures, and host communities (Kilpatrick et al., 2017), no factor is believed to be
more influential than that of climate change and its associated increases in global mean
temperature (Bouchard et al, 2019). Due to the implications of these temperature increases, tick
vectors are enabled to spread into previously uninhabited territory where ticks can then survive
and reproduce, thus encouraging the further geographical expansion of ticks (Cheng et al., 2017;
Elston, 2020). Consequently, this expansion represents a significant public health threat
(Sonenshine, 2018), producing a myriad of challenges for Canadian health authorities and more
specifically, organizations who work to conserve biodiversity while providing opportunities for
nature-based tourism and outdoor recreation.
Canada’s federally managed protected and conserved areas attract over 20 million
domestic and international visitors annually (Parks Canada, 2019). Canada’s most populated
province, Ontario, draws in over 10 million visitors annually through an extensive provincially
managed park agency, known as Ontario Parks (Ontario Parks, 2019). In addition to a widely
recognized assortment of ecological benefits that these areas can provide, parks are being
increasingly visited for their abundance of health and well-being benefits (Gies, 2007; Lemieux
et al., 2015; Reining, 2020). To ensure these benefits are provided to visitors, park managers
must continuously work to address and mitigate emerging health and safety risks (such as the
threat of ticks and tick-borne illnesses) that can threaten the health and safety of visitors. To do
so, it is essential that park managers are able to comprehensively understand the ways in which
visitors perceive and behave in response to these risks, allowing for the development of
sufficient risk management responses.
For many years, tick and tick-borne illness-related research has been studied extensively
through a variety of scientific disciplines including biology, ecology, and epidemiology (Dantas-
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Torres, 2010; Diuk-Wasser et al., 2016; Randolph, 2004). More recently, the topic has been
increasingly studied through various social science perspectives, where the relationships between
humans and ticks have been explored (Cameron et al., 2021; Rappaport, 2021; Slunge &
Bowman, 2018). Despite this shift, the study of ticks within a nature-based tourism context has
been underrepresented as a social science research topic and to date, no studies have explored the
human dimensions of tick expansion in Canadian protected and conserved areas at all. Without
research of this kind, park management agencies are unfit to accurately gauge the extent to which
park visitors are educated on and aware of the risks associated with an expanding threat of ticks
and tick-borne illnesses across Canada. Furthermore, these agencies are unable to develop
sufficient outreach approaches to ensure visitors are equipped with the knowledge necessary to
mitigate the risk of ticks while spending time in protected areas.
With a critical scholarly and practical knowledge gap in place, this work was constructed
with one overarching goal: to better understand the implications of Lyme disease for visitation
and visitor experiences in Ontario protected and conserved areas. To achieve this goal, the
following objectives were developed:
1. To identify the tick-related perceptions, behaviours, and communication preferences
amongst Ontario Parks users;
2. To investigate the relationships between visitor demographic traits and tick-related
responses to establish visitor segments within the broader population of park users; and,
3. To encourage the development of evidence-based tick prevention programming at the
upper level of park management to increase visitor education and awareness of ticks.
Following this introductory chapter, this manuscript-style thesis report contains a chapter on
research methodologies, two manuscripts (found in Chapters 3 and 4), and a concluding chapter.
In both Chapters 3 and 4, I share authorship with Dr. Christopher Lemieux, and Dr. Sean
Doherty, however, it can be noted that these works were primarily produced as a result of my
own intellectual effort. In Chapter 3, I report on the results of a survey exploring visitor
perceptions and behaviours related to tick and Lyme disease risk in one of Ontario’s most highly
visited protected areas. This manuscript was recently published in the Journal of Outdoor
Recreation and Tourism (Brady et al., 2022). In Chapter 4, I report further on the findings of the
visitor survey while outlining the results of a mixed-method segmentation analysis of visitor
2

responses to encourage the development of audience-tailored outreach from a park management
perspective. With these findings, I provide a variety of recommendations to be considered by
Ontario Parks surrounding risk-related policy development and both on- and off-site risk
communication. Due to the manuscript-style format of this report, some overlap surrounding the
research background, objectives, and methodologies exists between Chapters 3 and 4.
Regardless, these works represent significant original contributions of knowledge that should
each prove to be individually beneficial within the discipline of parks and protected area
research.
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CHAPTER 2:
METHODOLOGY
2.1. Introduction
The following methodologies chapter is organized into two subsections; the first focusing
on the research methods utilized in Manuscript 1 (Chapter 3), and the second on the research
methods utilized in Manuscript 2 (Chapter 4). While these subsections contain overlapping
information in regard to study area, survey design, and data collection, data treatment and
analysis greatly varied between each manuscript.

2.2. Methods: Manuscript 1
2.2.1. Study Area
Ontario Parks, responsible for provincial parks and conservation reserves in the
province of Ontario, Canada, is a branch of Ontario’s Ministry of the Environment,
Conservation and Parks (MECP). According to Ontario’s Provincial Parks and
Conservation Reserves Act (Ontario MECP, 2006), provincial parks have four objectives:
1. To permanently protect representative ecosystems, biodiversity, and provincially significant
elements of Ontario’s natural and cultural heritage and to manage these areas to ensure that
ecological integrity is maintained.
2. To provide opportunities for ecologically sustainable outdoor recreation opportunities and
encourage associated economic benefits.
3. To provide opportunities for residents of Ontario and visitors to increase their knowledge
and appreciation of Ontario’s natural and cultural heritage.
4. To facilitate scientific research and to provide points of reference to support monitoring of
ecological change on the broader landscape (Ontario MECP, 2006).

Ontario Parks holds jurisdictional authority over all 340 regulated parks throughout the province
(Ontario Parks, 2019; Figure 2.1). Over 100 of these parks are used for camping and day-use
purposes, including over 19,000 car-accessible campsites and over 8,000 backcountry/wilderness
campsites (Ontario Parks, 2021a). Ontario’s provincial parks attract over 10 million visitors a
year and, throughout the ongoing COVID-19 pandemic, have accommodated over 11,000,000
4

visitors despite several lockdowns and stay at home orders. As Ontario Parks operates on a
revenue-retention model that renders the organization approximately 93% self-sufficient (i.e.,
very little public funding is used to operate the Agency), user fees derived from visitation has
become key to its long-term sustainability (Ontario Parks, 2021b). Ontario Parks welcomed 10.8
million visits to operating provincial parks in 2019, which is an overall increase of 13% since
2009 (Ontario Parks, 2021c). Ontario Parks’ total revenue for 2018/2019 was 94.3 million,
which is an increase of $29 million from 2010/2011 (or an increase of about 30%) (Ontario
Parks, 2021b).
The Pinery Provincial Park (“The Pinery”) is located on the southeastern shore of Lake
Huron in the municipality of Lambton Shores (see Figure 2.1 and Figure 2.2). The park is 25
square kilometres in size and is home to over 1,000 species of unique flora and fauna (Friends of
Pinery, 2022). It is classified by Ontario Parks as a Natural Environment Park, which represent
areas that incorporate outstanding recreational landscapes with representative natural features
and historical resources to provide high quality recreational and educational experiences (Ontario
MECP, 2006). The park contains the largest protected forest in southwestern Ontario in which an
assortment of natural heritage assets including several wet meadow communities and a coastal
dune complex can be found. As stated in the park’s most recently updated park management
plan, the Pinery strives to “protect an extensive, provincially significant, freshwater dune system
with associated representative floral, faunal and cultural features and to provide high quality
educational and recreational experiences” (Ontario MECP, 1986).
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Figure 2.1. Pinery Provincial Park in the context of Ontario’s provincial protected areas system
(Source: Ontario MECP, 2021).
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Figure 2.2. Pinery Provincial Park provides a variety of nature-based tourism and recreation
experiences for visitors, including: a) 10 km of sand beach; b) 10 walking trails, a 14 km bike
trail, and 38 kms of groomed ski trails; c) recreational water activities including fishing,
canoeing, and paddleboarding in the Old Ausable Channel; and, d) over 1,000 campsites, the
most within Southwestern Ontario’s provincial parks. Recently implemented in-park
management strategies are presented; including: e) a “desire path” prevention mechanism; and, f)
an example of a tick-related information posting at a trailhead.
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With over 600,000 visitors annually, the Pinery is the fourth most visited park
within Ontario’s provincial park system (Ontario Parks, 2019), and one of the most
highly visited protected areas in Canada. These visitors are drawn to the park to
participate in a wide variety of recreational opportunities that the ecosystems provide,
including hiking, biking, birding, canoeing, fishing, swimming, and skiing (Ontario
Parks, 2021a). The Pinery also offers opportunities to learn about the park’s natural
heritage through all-season interpretive programs where visitors can learn about nature
and resource management (Friends of Pinery, 2021a).

As annual visitation rates continue to increase within the Pinery and the Ontario
protected area system more broadly (i.e., including national parks, conservation areas,
and privately protected areas), park managers must continue to find a balance between
preserving ecological integrity, providing recreational and educational opportunities,
maintaining economic profitability, and ensuring visitor safety. The Ontario Animal
Health Network (OAHN) announced that the Pinery is situated in a “risk area” for ticks
and Lyme disease (OAHN, 2018), and it is one of only six provincial or national parks
explicitly identified in Public Health Ontario’s map depicting estimated risk area for ticks
(see Figure 2.3). This risk, combined with high park visitation, makes the Pinery a
quintessential location for the acquisition of public perception and behaviour data
regarding ticks and tick-borne illnesses.

Figure 2.3. A comparison of estimated risk areas for Lyme disease in the province of Ontario,
Canada, for 2016 and 2021 (Source: adapted from Public Health Ontario, 2021b).
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Throughout recent years, Lambton Public Health has conducted both active and passive
surveillance to better monitor, understand and manage the threat of ticks. Traditionally, Lambton
County residents who found a tick on their body were encouraged to submit the tick to Lambton
Public Health for professional diagnostics involving species identification and disease testing
(Lambton Public Health, 2019). However, in early 2020, Lambton Public Health announced that
they were discontinuing this surveillance method, and instead began encouraging residents who
find a tick on their body to submit photos of the tick and locational data to eTick.ca, an emerging
citizen science project designed to monitor tick prevalence on a national scale (eTick, 2020;
Lambton Public Health, 2020). Lambton Public Health and Ontario Parks (separately) share a
variety of online tick-related messages through various communication methods (i.e., videos,
articles, factsheets) designed to increase public awareness and knowledge. Within Pinery
Provincial Park, information letters can be found on posting boards at popular visitor areas
including the Visitor Centre, trailheads, and washrooms. Unfortunately, nothing is known about
the effectiveness of these methods, underscoring the need to better understand the perceptions
and risk management behaviours of visitors to Pinery Provincial Park.
2.2.2. Survey Design
As presented in Appendix A, the survey utilized in this study consisted of 39 questions
organized into five sections:
1. Personal awareness/knowledge of ticks and tick-borne illnesses;
2. Perceived risk of ticks and tick-borne illnesses in everyday life and in the Pinery;
3. Visitor behaviour related to tick-related risks;
4. Perceived importance of Ontario Parks tick bite prevention communication strategies;
and,
5. Sociodemographic characteristics (e.g., age, gender, postal (zip) code, education,
employment status and income).
Most questions asked participants to record their answers using a Likert scale, while others asked
participants to select single responses from a provided list. Visitors self-completed the survey on
tablet computers equipped with Harvest Your Data offline software (Harvest Your Data, n.d.).
Tablet computers were selected as they are proven to reduce visitor response time and eliminate
the typical burdens associated with traditional paper-based surveys (Leisher, 2014; Lemieux et
9

al., 2015). Research approval was obtained from Ontario Parks and from the Wilfrid Laurier
University Research Ethics Board (REB #6164). Participation in the survey was voluntary,
anonymous, and only those over the age of 18 were asked to participate using an adult-to-adult
communication style (Dillman et al., 2014). After a brief introduction to the study, participants
were provided with an informed consent statement outlining the purpose, benefits, and
confidentiality of their participation (see Appendix B).

2.2.3. Data Collection
A total of 416 completed surveys were collected from June to September of 2019,
though the majority of visitor surveys (89%) were collected in July and August, by far the
most popular months for visitation to the Pinery. To accurately establish the public’s
perceptions of ticks and tick-borne illnesses, efforts were made to sample responses from
individuals who accurately represent the Pinery visitor population. A diverse sample was
ensured using a systematic sampling technique which involved intercept surveying
visitors on a next available basis while travelling throughout the park (Dillman et al.,
2014; Lemieux et al., 2015). In this instance, next available means asking the next adult
(over 18 years of age) who is available, when the researcher is also ready to continue
with surveying at a given location. Surveys were distributed throughout the Pinery’s three
campground areas as well as the park’s visitor centre, store, beach, and popular
trailheads. Surveying took place over a total of 22 days which consisted of seven 2-to-3day survey periods and five single days. Most data were obtained on weekends (66.3%)
versus weekdays (33.7%). To ensure sample diversity, surveys were collected across
mornings, afternoons, and early evenings; however, most data were acquired between
12:00 pm and 5:00 pm with the consideration of visitor needs (e.g., meals and typical
arrival/departure tasks). The survey acceptance rate was approximately 85%, consistent
with other studies in protected areas that adopted the use of tablets (e.g., Lemieux et al.,
2015; Reining et al., 2020).

2.2.4. Data Treatment & Analysis
The compiled data were imported into IBM SPSS Statistics version 26 for data
preparation and statistical analysis. A variety of data analysis techniques were employed,
10

influenced by relevant literature pertaining to quantitative social science research (Bhattacherjee,
2012; Senthilnathan, 2019; Vaske, 2008). Firstly, a univariate descriptive analysis of each
variable was performed, including both categorical and means analysis. Secondly, a bivariate
analysis was conducted, including Pearson correlation coefficients and means analysis by
categorical variables, along with associated tests of significance. The means of Likert scale
questions were compared across explanatory variables and presented in tables for ease of
interpretation and compactness. Regardless, crosstabulations of the same data in their original
categories were also inspected to ensure that the same significance difference existed and to
identify any unusual or polarized patterns in the raw data (that may have been hidden by the
calculation of a mean), though no discrepancies were uncovered.

2.3. Methods: Manuscript 2
2.3.1. Study Area
This study was conducted at Pinery Provincial Park, a 25 square kilometer natural
environment park located on the southeastern shore of Lake Huron in the municipality of
Lambton Shores, Ontario (Ontario MECP, 2021). Often referred to as “The Pinery”, it contains
the largest protected forest in southwestern Ontario which is home to over 1,000 species of flora
and fauna (The Friends of Pinery, 2022). The Pinery is categorized into the International Union
for the Conservation of Nature (IUCN) Category II as it is generally managed for ecosystem
protection and recreational purposes (Gray et al., 2009). Recreational (such as hiking, canoeing,
swimming, and skiing) and educational opportunities (such as park interpretation programming)
attract over 600,000 visitors annually, making the park the fourth most visited provincial park in
Ontario (Ontario Parks, 2019). To accommodate these visitors, the Pinery contains a number of
infrastructure features including over 20 kilometers of roadway, 1,000 developed campsites
(many situated near sources of water, electricity, and washroom facilities), a visitor centre,
amphitheater, and park store (Reining et al., 2020). As visitors continue to flock to the Pinery for
its assortment of benefits, park managers must work to preserve the park’s ecological integrity
while balancing a variety of other responsibilities including the offering of recreation and
educational opportunities, the maintenance of economic profitability, and the assurance of visitor
safety.
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In 2018, the Ontario Animal Health Network announced that Pinery Provincial Park is
situated in a “risk area” for ticks and Lyme disease (OAHN, 2018). Additionally, the Pinery is
identified as one of only six provincial or national parks currently depicted in Public Health
Ontario’s provincial Lyme disease risk map (see Figure 2.4). In attempt to better monitor and
manage the threat of regional tick and Lyme disease prevalence, Lambton Public Health has
implemented an assortment of both active and passive tick surveillance strategies. While the
municipality does not currently accept ticks for identification purposes due to the COVID-19
pandemic, Lambton Public Health encourages residents to submit photos and locational data of
ticks to eTick.ca, an online platform for image-based identification and population monitoring of
ticks in Canada (eTick, 2021; Lambton Public Health, 2022). Lambton Public Health and
Ontario Parks also work (separately) to spread tick awareness and education through a variety of
online communication methods including videos, articles, and factsheets. Further, managers of
Pinery Provincial Park display a range of tick information postings at popular park locations
including the park Visitor Centre, trailheads, and washrooms. While it is evident that measures to
enhance tick-related public safety have been (and continue to be) taken, little is known about the
effectiveness of these strategies.
Figure 2.4. Ontario Lyme disease estimated risk areas (Source: Public Health Ontario, 2021b).
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2.3.2. Data Collection
A total of 416 visitors to the Pinery Provincial Park completed the survey between the
months of June and September of 2019. Surveying took place over 22 days and most (89%)
surveys were collected in July or August, the park’s busiest months. Most data were obtained on
weekends (66.3%) versus weekdays (33.7%). Typically, participants took approximately eight to
ten minutes to complete the survey. Surveying was conducted from mid-morning to the early
evening, though most surveys were collected during the afternoon hours. Efforts were made to
sample responses from individuals who accurately represent the Pinery’s visitor population. To
ensure this, a systematic sampling technique was employed which involved intercept surveying
visitors on a next available basis while travelling throughout popular park locations (Dillman et
al., 2014; Lemieux et al., 2015). While attempts were made to collect an equal sample from all
survey distribution locations, most surveys were collected in Pinery’s three campgrounds,
Riverside, Burley, and Dunes. Surveys were also distributed at Pinery’s Visitor Centre, park
store, restaurant, beach, and popular trailheads.

2.3.3. Survey Design
The survey used in this study was comprised of 39 questions organized into five sections:
1.

Sociodemographic characteristics (e.g., age, gender, postal (zip) code, education,
employment status and income);

2.

Personal awareness/knowledge of ticks and tick-borne illnesses;

3.

Perceived risk of ticks and tick-borne illnesses in everyday life and in the Pinery;

4.

Visitor behaviour related to tick-related risks; and,

5.

Perceived importance of Ontario Parks tick bite prevention communication strategies.

Surveys were completed independently using Android tablets equipped with Harvest Your Data
offline surveying software. Tablets were used as they have been proven to reduce visitor
response time while eliminating the typical burdens associated with traditional paper-based
surveys (Leisher, 2014; Lemieux et al., 2015). A variety of question types were deployed,
including Likert scale, open-ended, and closed-ended questions. Research approval was obtained
from Ontario Parks as well as the Wilfrid Laurier University Research Ethics Board (REB
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#6164). Only those over the age of 18 were asked to participate in this voluntary study and
participants remained anonymous to ensure the quality and reliability of participant responses.

2.3.4. Data Treatment & Analysis
Survey data was imported into IBM SPSS (v.26) for data preparation and statistical
analysis. A five-step mixed-methods approach was employed with the goal of identifying ways
to enhance park-to-visitor communication involving tick and tick-borne illness-related risk (see
Figure 2.5). As such, a range of analytical techniques were used to examine the relationships
between visitor perceptions, behavioural patterns, socio-demographic characteristics, and
geographical origins. Firstly, a univariate descriptive analysis of each variable was performed to
explore general trends, including categorical frequency and means analysis of sociodemographic and visit characteristics. Next, the Euclidean distances between the centroids of
respondent’s provided postal/zip codes and Pinery Provincial Park were computed using
Microsoft Windows Excel (v.2112) equipped with the CDXZipStream add-in. Travel distance
ranged from 0 (those who live in the same postal area as the Pinery) to 2564 kilometers (kms)
with an average distance of 153 kms. Participants were divided into four travel distance
categories (<99.9, 100 to 149.9, 150 to 199.9, and 200+ kms). To explore the relationships
between travel distance and other variables of study, bivariate crosstabulations were analyzed
along with chi-squared (χ2) tests of significance (at the 0.05 level). Next, multivariate analysis
was conducted through a principal component analysis to identify unique segments amongst the
Pinery’s visitor population. Finally, a thematic analysis of open-ended visitor responses was
carried out in NVivo (v.12) using Braun & Clarke’s (2006) six phases of thematic analysis (1.
familiarizing yourself with your data, 2. generating initial codes, 3. searching for themes, 4.
reviewing themes, 5. defining and naming themes, and 6. produce the report).
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Figure 2.5. Five-step mixed-methods approach of quantitative and qualitative analysis.
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Abstract:
Lyme disease is the most common vector-borne disease in North America. Despite this, there is a
limited understanding of public perceptions and behaviours associated with tick and Lyme
disease risk, especially within a parks and protected areas visitation and visitor experience
context. To address this knowledge gap, we report the results of a survey of visitor perceptions
and behaviours related to ticks and Lyme disease risk in one of Ontario, Canada’s most highly
visited protected areas. Results revealed that tick bites are the second highest perceived risk by
visitors to the park, and over half (52%) reported that they limit their interactions in certain
areas of the park to reduce tick and Lyme disease risk. Notably, 63% of visitors would return to
Pinery if bitten by a tick. However, a high proportion of visitors noted that they would likely not
return to the park if they (44%) or someone they know (40%) contracted a tick-borne disease.
Furthermore, only 41% of respondents noted that they would likely return to the park if regional
rates of tick-borne illnesses increased by 30% under future climate change. In light of these
novel findings, we provide a number of proactive management recommendations, focused on
developing or enhancing pre-visit education, communication, and outreach programmes where
appropriate, that can be used by managers to effectively address this emerging human health
and safety challenge in protected areas.

Keywords: ticks; Lyme disease; risk; protected areas; parks; visitor experiences;
communication; behaviours; perceptions; management
Declarations of Interest: none
Management Implications:
For the first time in the Canadian protected areas context, we assess visitor perceptions and riskmitigation behaviours related to ticks and Lyme disease. We also assess visitor use and perceived
importance of related education, communication, and outreach strategies of the governing park
agency, Ontario Parks. The results revealed many novel and significant findings with important
implications for visitor experience planning and management, including:
•
•
•
•

A significant lack of perceived tick-related education levels amongst park users;
A higher risk perception of getting a tick bite in the park in comparison to in everyday
life;
A general unwillingness of visitors to return to the park if exposed to a tick-borne illness
as a result of a park tick bite;
A general unwillingness of visitors to return to the park if regional rates of tick-borne
illnesses increase by 30%;
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•
•

A high perceived value of existing communication strategies with respect to tick bite and
Lyme disease prevention currently used by Ontario Parks; and,
A strong belief by visitors that both on and offsite tick communication strategies are
equally valuable and important to mitigating tick bites and Lyme disease risk.

Citation: Brady, R. M., Lemieux, C. J., & Doherty, S. T. (2022). Linking visitor perceptions and
behaviours related to ticks and Lyme disease to risk management strategies in a protected areas
context. Journal of Outdoor Recreation and Tourism, 39, 100515.
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3.1. Introduction
As of 2021, Canada’s over 9,000 protected and conserved areas covered 12.5% of the
nation’s total terrestrial area (Environment and Climate Change Canada, 2021). While Canadian
parks (national and provincial) and other forms of protected and conserved areas are prominently
known for conserving biodiversity, they also provide exceptional recreational opportunities to
visitors with associated economic benefits. A 2011 report from the Canadian Parks Council
revealed that Canadian parks and other forms of protected areas generate nearly $4.6 billion in
annual GDP and support over 64,000 full-time jobs across the country (Canadian Parks Council,
2011). In the province of Ontario, Canada’s most populated province with nearly 15 million
people, 340 regulated provincial parks attract over 10 million visitor days annually (Ontario
Parks, 2019). Beyond the typical recreation opportunities that are afforded to visitors, parks are
increasingly being recognized as essential for human health and well-being as they allow for
stress relief, social interaction, and physical activity (Gies, 2007; Lemieux et al., 2015; Reining,
2020). This has been no more evident than throughout the COVID-19 pandemic where millions
of people in Canada (and many regions globally) continue to visit parks and other forms of
protected areas in record-breaking numbers to access the physical and psychological health and
social well-being benefits that such areas provide (Derks et al., 2020; Geng et al., 2021; Grima et
al., 2020; Spenceley et al., 2021).

Despite these well-known benefits, there is increasing concern over current and potential
hazards and risks to visitors, such as physical, social, and epidemiological threats that can
jeopardize economic outcomes for protected area agencies and the benefits that visitors receive
from such areas (Hallman et al., 1995; Jeuring & Becken, 2013; Rickard et al., 2011). Effective
visitor risk management practices, including education, interpretation, and outreach, play an
important role in the management of nature-based recreation opportunities provided by parks and
other forms of protected areas in Canada and elsewhere (Blye et al., 2021). Indeed, many forms
of nature-based recreation have inherent risks associated with them, and this study explores how
the increase of Lyme disease prevalence in Ontario, Canada, is linked to visitor perceptions and
behaviours associated with increased risk within parks and other forms of protected areas. With
concerns over climate change and associated geographic range expansion of ticks (Bouchard et
al., 2019; Couper et al., 2021), expansion of protected area systems (Carroll & Ray, 2021;
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Wulder et al., 2018), and near-universal increasing visitation levels across all protected
and conserved area types (Fisichelli et al., 2015; Moore & Hopkins, 2021), combined
with a limited understanding of how visitors perceive and respond to the threat of ticks
and tick-borne illnesses, there is a need to enhance the capacity of managing
organizations to effectively implement risk prevention programs, inclusive of identifying
and monitoring trends in visitor perceptions and behaviours related to tick and Lyme
disease risk. With a critical scholarly and practical knowledge gap in place, the specific
objectives of this paper are to:

1. Establish the perceived risk of ticks, tick bites, and tick-borne illnesses amongst
visitors to one of Ontario’s most highly visited provincial parks, Pinery Provincial
Park;
2. Assess the extent to which visitors prepare for the risk of encountering ticks before
and during their visit to Pinery Provincial Park; and,
3. Provide evidence-based recommendations to support education, interpretation, and
outreach initiatives that can reduce visitor risk in Pinery Provincial Park and
Ontario’s broader spectrum of protected and conserved areas.

Better understanding visitor behaviour and perceptions with respect to ticks and Lyme disease
risk in parks and other forms of protected areas will help management agencies facilitate the
development and implementation of effective incident prevention and risk mitigation
programmes. While the focus of the study is on a protected area in Ontario, Canada, the results
will be of broad interest to the global conservation community working to understand the social
dimensions of ticks and Lyme disease risk with potential application to their own unique
ecological and socio-economic contexts.

3.2. Literature Review
Lyme disease is the most prevalent tick-borne zoonosis in North America, and
reports of this disease have been exponentially increasing in recent years (Burrows et al,
2021; Slatculescu et al., 2020). Lyme disease was declared a notifiable health risk by the
Government of Canada in 2009 through the National Notifiable Disease Surveillance
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System (NNDSS). At that time, there were 144 reported cases of the disease across Canada
(Ogden et al., 2019). Since then, reported cases have increased by over 1,700%, reaching 2,636
national cases in 2019 (Government of Canada, 2021). The province of Ontario accounted for
1,159 (nearly 44%), of these nationwide cases (Public Health Ontario, 2021a). A recent study
revealed that Ontario’s 2017 Lyme disease rates tripled when compared to the province’s
previous five-year average (Nelder, 2018). A 2017 report by Public Health Ontario noted, “In
the early 1990s, there was only one known Lyme disease risk area in Ontario, at Long Point
Provincial Park. Since then, Ontario has seen an increase in the distribution of blacklegged ticks
and an expansion of their populations…” (Public Health Ontario, 2017). Finally, it is worth
noting that the reported cases of Lyme disease may be significantly under-reported. In the U.S.,
for example, the true number of cases is about 10 times higher according to the U.S. Centers for
Disease Control and Prevention (Mead, 2015).

The increase in reported cases of Lyme disease in Canada broadly and Ontario
specifically is cause for concern. Many believe that climate change is a leading driver in this
epidemiological rise as global mean temperatures continue to rise and suitable climate and
habitat for blacklegged ticks expands northward (Bouchard et al., 2019; Couper et al., 2021;
Dantas-Torres, 2015). As climate change will likely continue to escalate for years to come, it can
be expected that regional Lyme disease prevalence will continue to rapidly increase (Hierlihy,
2017). The estimated risk areas for Lyme disease in the province of Ontario has expanded in
recent years (see Figure 2.3), and it is projected that this range will expand in the future, with
climate change models projecting an annual increase in “range front velocity” of 46 kilometres
per year (Clow et al., 2017; Leighton, 2012).
As Lyme disease is sometimes referred to as “the great imitator”, its health effects can
often resemble a wide range of ailments, including the ordinary flu, multiple sclerosis, or even
brain tumours (Romano, 1993). These various symptoms make Lyme disease especially
challenging to diagnose correctly for the public, as well as physicians (Biesiada et al., 2012;
Trevisan et al., 2020). In recent years, many researchers have developed a relatively strong
understanding of the prevalence and regional amplification of Lyme disease (Bouchard et al.,
2015; Ogden et al., 2009; Ogden et al., 2019; Sperling et al., 2012; Werden et al., 2014),
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although few have specifically focused on how the public perceives this threat. As
Ontario’s escalating threat of Lyme disease will likely increase over time (Hierlihy,
2017), new studies are needed to better understand and develop evidence-based social
and environmental interventions, designed to protect the health and well-being of visitors
to parks and other forms of protected areas.

Currently, no Canadian studies have explored how current and future increases in
Lyme disease prevalence may affect visitation and visitor experiences in parks and other
forms of protected areas, and studies within other jurisdictional contexts remain limited.
In 2013, a Dutch study was conducted to develop a Lyme disease prevention framework
based on the general public’s perceptions and preventative strategies regarding ticks
(Beaujean et al., 2013). In 2016, a Québec-based study was conducted to determine the
efficacy of various public health intervention methods involving tick and Lyme disease
awareness (Aenishaenslin et al., 2016). There has since been a variety of similar tick
perception-related studies that have taken place on various scales (e.g., Niesobecki et al.,
2019; Slunge et al., 2018; St. Pierre et al., 2020). While the results of these studies have
typically encouraged the implementation of widespread, tick-related education
campaigns, the perceptions of ticks and tick-borne illnesses amongst visitors to parks and
other forms of protected areas remains a critical gap within current Canadian naturebased tourism and recreation literature. This literature also suggests that there is a strong
need to take results and translate them into appropriate risk management strategies, which
we attempt to do here.

The concept of risk in relation to outdoor recreation and tourism is a complex
phenomenon, with limited links to understandings of destination choice (Gstaettner,
2018; Lepp & Gibson, 2008). Many view risk as the uncertain potential for experiencing
a negative consequence while participating in outdoor activity, although others describe
risk as a positive, sometimes desired, concept that can provide meaningful elements to
the outdoor experience (Lipscombe, 2007). For example, examining provincial parks in
Ontario, Galloway (2002) revealed that high sensation seekers (i.e., those seeking novelty
stimulation) prefer camping and a range of activities in parks. Galloway (2002) also
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recommended the need to investigate further various visitor perceived risks and behaviours,
which he suggested has important (but understudied) implications for risk management in parks
(Galloway, 2002). Within the context of parks and protected area management, visitor risk is
often managed through a variety of both hard (i.e., physical barriers, regulation of visitor
activities and enforcement) and soft (i.e., zoning, visitor education, signage) management
solutions (Saunders et al., 2018). To ensure the effectiveness of these strategies, managers must
develop a thorough comprehension of potential risks, along with a sound understanding of how
visitors perceive these risks (Rohrmann, 2008). With a better understanding of visitor
perceptions of tick and Lyme disease risk and associated risk-reducing behaviours, managers can
develop more effective visitor education, interpretation, and outreach programs focused on
infection prevention and active management through infection mitigation. This would also allow
for the continuous flow of health and well-being benefits to visitors, with corresponding benefits
associated with revenue generation and sustained financial re-investment in conservation.

3.3. Methods
3.3.1. Study Area
Ontario Parks, responsible for provincial parks and conservation reserves in the province
of Ontario, Canada, is a branch of Ontario’s Ministry of the Environment, Conservation and
Parks (MECP). According to Ontario’s Provincial Parks and Conservation Reserves Act
(Ontario MECP, 2006), provincial parks have four objectives:
1. To permanently protect representative ecosystems, biodiversity, and provincially significant
elements of Ontario’s natural and cultural heritage and to manage these areas to ensure that
ecological integrity is maintained.
2. To provide opportunities for ecologically sustainable outdoor recreation opportunities and
encourage associated economic benefits.
3. To provide opportunities for residents of Ontario and visitors to increase their knowledge
and appreciation of Ontario’s natural and cultural heritage.
4. To facilitate scientific research and to provide points of reference to support monitoring of
ecological change on the broader landscape (Ontario MECP, 2006).
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Ontario Parks holds jurisdictional authority over all 340 regulated parks throughout the province
(Ontario Parks, 2019; Figure 2.1). Over 100 of these parks are used for camping and day-use
purposes, including over 19,000 car-accessible campsites and over 8,000 backcountry/wilderness
campsites (Ontario Parks, 2021a). Ontario’s provincial parks attract over 10 million visitors a
year and, throughout the ongoing COVID-19 pandemic, have accommodated over 11,000,000
visitors despite several lockdowns and stay at home orders. As Ontario Parks operates on a
revenue-retention model that renders the organization approximately 93% self-sufficient (i.e.,
very little public funding is used to operate the Agency), user fees derived from visitation has
become key to its long-term sustainability (Ontario Parks, 2021b). Ontario Parks welcomed 10.8
million visits to operating provincial parks in 2019, which is an overall increase of 13% since
2009 (Ontario Parks, 2021c). Ontario Parks’ total revenue for 2018/2019 was 94.3 million,
which is an increase of $29 million from 2010/2011 (or an increase of about 30%) (Ontario
Parks, 2021b).
The Pinery Provincial Park (“The Pinery”) is located on the southeastern shore of
Lake Huron in the municipality of Lambton Shores (see Figure 2.1 andFigure 2.2). The
park is 25 square kilometres in size and is home to over 1,000 species of unique flora and
fauna (Friends of Pinery, 2022). It is classified by Ontario Parks as a Natural
Environment Park, which represent areas that incorporate outstanding recreational
landscapes with representative natural features and historical resources to provide high
quality recreational and educational experiences (Ontario MECP, 2006). The park
contains the largest protected forest in southwestern Ontario in which an assortment of
natural heritage assets including several wet meadow communities and a coastal dune
complex can be found. As stated in the park’s most recently updated park management
plan, the Pinery strives to “protect an extensive, provincially significant, freshwater dune
system with associated representative floral, faunal and cultural features and to provide
high quality educational and recreational experiences” (Ontario MECP, 1986).

With over 600,000 visitors annually, the Pinery is the fourth most visited park
within Ontario’s provincial park system (Ontario Parks, 2019), and one of the most
highly visited protected areas in Canada. These visitors are drawn to the park to
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participate in a wide variety of recreational opportunities that the ecosystems provide, including
hiking, biking, birding, canoeing, fishing, swimming, and skiing (Ontario Parks, 2021a). The
Pinery also offers opportunities to learn about the park’s natural heritage through all-season
interpretive programs where visitors can learn about nature and resource management (Friends of
Pinery, 2021a).

As annual visitation rates continue to increase within the Pinery and the Ontario protected
area system more broadly (i.e., including national parks, conservation areas, and privately
protected areas), park managers must continue to find a balance between preserving ecological
integrity, providing recreational and educational opportunities, maintaining economic
profitability, and ensuring visitor safety. The Ontario Animal Health Network (OAHN)
announced that the Pinery is situated in a “risk area” for ticks and Lyme disease (OAHN, 2018),
and it is one of only six provincial or national parks explicitly identified in Public Health
Ontario’s map depicting estimated risk area for ticks (see Figure 2.3). This risk, combined with
high park visitation, makes the Pinery a quintessential location for the acquisition of public
perception and behaviour data regarding ticks and tick-borne illnesses.

Throughout recent years, Lambton Public Health has conducted both active and passive
surveillance to better monitor, understand and manage the threat of ticks. Traditionally, Lambton
County residents who found a tick on their body were encouraged to submit the tick to Lambton
Public Health for professional diagnostics involving species identification and disease testing
(Lambton Public Health, 2019). However, in early 2020, Lambton Public Health announced that
they were discontinuing this surveillance method, and instead began encouraging residents who
find a tick on their body to submit photos of the tick and locational data to eTick.ca, an emerging
citizen science project designed to monitor tick prevalence on a national scale (eTick, 2020;
Lambton Public Health, 2020). Lambton Public Health and Ontario Parks (separately) share a
variety of online tick-related messages through various communication methods (i.e., videos,
articles, factsheets) designed to increase public awareness and knowledge. Within Pinery
Provincial Park, information letters can be found on posting boards at popular visitor areas
including the Visitor Centre, trailheads, and washrooms. Unfortunately, nothing is known about
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the effectiveness of these methods, underscoring the need to better understand the
perceptions and risk management behaviours of visitors to Pinery Provincial Park.
3.3.2. Survey Design
As presented in Appendix A, the survey utilized in this study consisted of 39
questions organized into five sections:
1. Personal awareness/knowledge of ticks and tick-borne illnesses;
2. Perceived risk of ticks and tick-borne illnesses in everyday life and in the Pinery;
3. Visitor behaviour related to tick-related risks;
4. Perceived importance of Ontario Parks tick bite prevention communication strategies;
and,
5. Sociodemographic characteristics (e.g., age, gender, postal (zip) code, education,
employment status and income).

Most questions asked participants to record their answers using a Likert scale, while others asked
participants to select single responses from a provided list. Visitors self-completed the survey on
tablet computers equipped with Harvest Your Data offline software (Harvest Your Data, n.d.).
Tablet computers were selected as they are proven to reduce visitor response time and eliminate
the typical burdens associated with traditional paper-based surveys (Leisher, 2014; Lemieux et
al., 2015). Research approval was obtained from Ontario Parks and from the Wilfrid Laurier
University Research Ethics Board (REB #6164). Participation in the survey was voluntary,
anonymous, and only those over the age of 18 were asked to participate using an adult-to-adult
communication style (Dillman et al., 2014). After a brief introduction to the study, participants
were provided with an informed consent statement outlining the purpose, benefits, and
confidentiality of their participation (see Appendix B).

3.3.3. Data Collection
A total of 416 completed surveys were collected from June to September of 2019,
though the majority of visitor surveys (89%) were collected in July and August, by far the
most popular months for visitation to the Pinery. To accurately establish the public’s
perceptions of ticks and tick-borne illnesses, efforts were made to sample responses from
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individuals who accurately represent the Pinery visitor population. A diverse sample was ensured
using a systematic sampling technique which involved intercept surveying visitors on a next
available basis while travelling throughout the park (Dillman et al., 2014; Lemieux et al., 2015).
In this instance, next available means asking the next adult (over 18 years of age) who is
available, when the researcher is also ready to continue with surveying at a given location.
Surveys were distributed throughout the Pinery’s three campground areas as well as the park’s
visitor centre, store, beach, and popular trailheads. Surveying took place over a total of 22 days
which consisted of seven 2-to-3-day survey periods and five single days. Most data were
obtained on weekends (66.3%) versus weekdays (33.7%). To ensure sample diversity, surveys
were collected across mornings, afternoons, and early evenings; however, most data were
acquired between 12:00 pm and 5:00 pm with the consideration of visitor needs (e.g., meals and
typical arrival/departure tasks). The survey acceptance rate was approximately 85%, consistent
with other studies in protected areas that adopted the use of tablets (e.g., Lemieux et al., 2015;
Reining et al., 2020).

3.3.4. Data Treatment & Analysis
The compiled data were imported into IBM SPSS Statistics version 26 for data
preparation and statistical analysis. A variety of data analysis techniques were employed,
influenced by relevant literature pertaining to quantitative social science research (Bhattacherjee,
2012; Senthilnathan, 2019; Vaske, 2008). Firstly, a univariate descriptive analysis of each
variable was performed, including both categorical and means analysis. Secondly, a bivariate
analysis was conducted, including Pearson correlation coefficients and means analysis by
categorical variables, along with associated tests of significance. The means of Likert scale
questions were compared across explanatory variables and presented in tables for ease of
interpretation and compactness. Regardless, crosstabulations of the same data in their original
categories were also inspected to ensure that the same significance difference existed and to
identify any unusual or polarized patterns in the raw data (that may have been hidden by the
calculation of a mean), though no discrepancies were uncovered.
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3.4. Results
3.4.1 Sociodemographic and Visit Characteristics
The 416 participants ranged in age from 18 to 73 with a mean of 41.2 years old.
As shown in Table 3.1. Frequency analysis of sociodemographic and visit characteristics
(n=416)., females were slightly overrepresented in comparison to males (53.6% vs.
46.4%) and most participants resided in Canada at the time of surveying (95.6%). Most
respondents reported that they were employed (83.1%) and had some form of postsecondary education experience (80.5%), including 53.7% with a certificate or diploma at
the bachelor’s level or higher. Total household income was relatively dispersed though
most visitors reported an income of over $75,000 (62%). Most participants reported that
they interact with nature at least once a week (74.2%) and had visited the Pinery in the
past (78.8%). Lastly, the average reported length of stay in the park was 4.1 days.
Overall, these results are very consistent with those of recent Ontario Parks studies
(Ipsos, 2012a, 2012b; Pechlaner, 2010) and resemble those of a 2016 study at the Pinery
(Reining, 2020), suggesting that this sample is representative of the Pinery’s visitor
population which has remained relatively unchanged over the past decade.
Table 3.1. Frequency analysis of sociodemographic and visit characteristics (n=416).
n
192
222

(%)
(46.4%)
(53.6%)

3
48
29
92

(0.7%)
(11.7%)
(7.1%)
(22.4%)

18
130
90

(4.4%)
(31.7%)
(22.0%)

Employed
Unemployed
Not in the labour force

343
18
52

(83.1%)
(94.4%)
(12.6%)

Less than $25,000

23

(6.1%)

Gender

Male
Female

Education

No certificate, diploma, or degree
Secondary school diploma or certificate
Apprenticeship or trades certificate diploma
College, CEGEP, or non-university
certificate/diploma
University certificate/diploma below bachelors
University certificate/diploma at bachelors level
University certificate or diploma above bachelors

Employment
status
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Total
household
income

$25,000 - $49,999
$50,000 - $74,999
$75,000 - $99,999
$100,000 - $124,999
$125,000 - $149,999
$150,000 or more

44
77
67
54
37
77

(11.6%)
(20.3%)
(17.7%)
(14.2%)
(9.8%)
(20.3%)

Country of
residence

Canada
USA

372
17

(95.6%)
(4.4%)

First visit to
the park

Yes
No

88
328

(21.2%)
(78.8%)

Frequency of
interaction
with nature

Almost Never (e.g., just a few times a year)
Rarely (e.g., about once a month)
Sometimes (e.g., once every few weeks)
Often (e.g., once a week)
Always (e.g., almost daily)

6
24
77
168
140

(1.4%)
(5.8%)
(18.6%)
(40.5%)
(33.7%)

Duration of
park visit

One day or less
More than one day

58
353

(14.1%)
(85.9%)

3.4.2. Perceived Risks of Tick Bites and Lyme Disease
When participants were asked to rate how risky a variety of provided in-park scenarios
were (e.g., poison ivy, tick bites, mosquito-bite infections, mountain biking, hiking, automobile
traffic, etc.), they perceived nearly all scenarios as having a minor-to-moderate risk. However,
when the average risk of these provided scenarios were compared, tick bites were ranked second
highest behind only poison ivy.

Nearly all of those surveyed reported that they have heard of Lyme disease before
(98.8%). However, as shown in Table 3.2, only 20.6% of visitors perceived that their overall
level of education of ticks and tick-borne illnesses is moderate or higher (≥ 4 on the 5-point
Likert scale). While most visitors reported that they were either “not at all” or “slightly
concerned” about being bitten by a tick in everyday life (50.5%), 63.5% took the position that
the risk of getting a tick bite while visiting Pinery Provincial Park is “moderate” or higher. This
perception of risk appears to be somewhat significant as 22.1% of respondents believe that they
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will likely be bitten by a tick during their visit, and 9.1% believe that they will likely
contract a tick-borne disease during their visit.

Table 3.2. Analysis of key risk perception variables (n = 416).
Perceived overall level of
education of ticks and tickborne diseases in Ontario

Not at all educated (1)
Slightly educated (2)
Somewhat educated (3)
Moderately educated (4)
Extremely educated (5)

n
31
169
130
73
13

(%)
(7.5%)
(40.6%)
(31.3%)
(17.5%)
(3.1%)

Concern of being getting a
tick bite in everyday life

Not at all concerned (1)
Slightly concerned (2)
Somewhat concerned (3)
Moderately concerned (4)
Extremely concerned (5)

64
146
101
65
40

(15.4%)
(35.1%)
(24.3%)
(15.6%)
(9.6%)

Risk perception of a tick bite
in the park

Insignificant risk (1)
Minor risk (2)
Moderate risk (3)
Major risk (4)
Severe risk (5)

29
122
155
67
41

(7.0%)
(29.5%)
(37.4%)
16.2%)
(9.9%)

Perceived likelihood of
experiencing a tick bite in the
park

Not likely (1)
Somewhat unlikely (2)
Neutral (indifferent) (3)
Somewhat likely (4)
Very likely (5)

67
160
97
80
12

(16.1%)
(38.5%)
(23.3%)
(19.2%)
(2.9%)

Perceived likelihood of
contracting a tick-borne
disease in the park

Not likely (1)
Somewhat unlikely (2)
Neutral (indifferent) (3)
Somewhat likely (4)
Very likely (5)

163
153
61
32
6

(39.3%)
(36.9%)
(14.7%)
(7.7%)
(1.4%)

To explore correlates of tick risk perception, mean overall Likert scale ratings
were calculated and cross-tabulated as shown in Table 3.3, along with measures of
statistical significance. Results indicate that tick risks are perceived as significantly
higher by females (p = 0.003), those with accompanying children (p = 0.015), and by
those who avoid areas where ticks might be present (p = <0.001). Interestingly, results
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indicate that risk perception of ticks is not significantly correlated with age (p = 0.096), country
of residence (p = 0.206) or whether or not an individual is visiting the park for the first time (p =
0.686).
Table 3.3. Means analysis of risk perception ratings by categorical variables.
How risky do you
feel experiencing
a tick bite is in the
park?

How likely do you
think it is that you
will experience a tick
bite in the park?

How likely do you think
it is that you will
contract a tick-borne
disease in the park?

Male

2.8a

2.4a

1.8a

Female

3.1b

2.7b

2.0b

Yes

3.0a

2.5a

2.0a

No

2.8b

2.6a

1.9a

Canada

2.9a

2.5a

1.9a

USA

2.6a

2.3a

1.8a

Employed

2.9a

2.5a

1.9a

Unemployed

3.6b

3.0a

2.1a,b

Not in the
labour force

3.0a,b

2.6a

2.3b

Yes

3.0a

2.4a

2.0a

No

2.9a

2.6a

2.0a

3.1a

2.6a

2.0a

2.9a

2.5a

1.9a

Yes

3.2a

2.7a

2.0a

No

2.6b

2.4b

1.9a

Gender?
Did children
accompany you on
your current park
visit?
Country of Residence?

Current employment
status?

Is this your first visit?

How many days spent
in park?
Limit self from being
in areas where ticks
may be present?

One day or
less
More than
one day

Note: values in the same row and sub-table not sharing the same subscript are significantly different at p< .05 in the
two-sided test of equality for column means. Cells with no subscript are not included in the test. Tests assume equal
variances. Tests are adjusted for all pairwise comparisons within a row of each innermost sub-table using the
Bonferroni correction.

3.4.3. Visitor Behaviour Related to Tick Bite and Lyme Disease Prevention
Two-thirds of respondents noted that they practice tick-related protection strategies
before visiting the Pinery (66.8%). Amongst these individuals, the most common strategy, as
shown in Table 3.4, was conversing with friends, family, or others (65.8%). In contrast, very few
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visitors utilized the Ontario Parks website (34.9%), the “Friends of Pinery” website
(19.4%), or the Ontario Parks information phone number (2.9%) for tick-related
information before their visit. Slightly over half of respondents reported that they
consciously limit themselves from spending time in areas where ticks may be present in
the park (51.7%).

Table 3.4. Participant reported tick protection strategies before visiting the park (n = 278;
includes only those indicating they took preparations of some kind).
Yes (1)

No (0)

S.D.

Converse with friends/family or others

65.8%

34.2%

0.48

Visit Government website

36.0%

64.0%

0.48

Visit Ontario Parks website

34.9%

65.1%

0.48

Utilize social media

30.6%

69.4%

0.46

Visit “Friends of Pinery” website

19.4%

80.6%

0.40

Talked to medical practitioner

12.9%

87.1%

0.34

Discovery program or park interpreter

12.2%

87.8%

0.33

Ontario Parks information number

2.9%

97.1%

0.18

The likelihood of taking various tick prevention measures during their park visit
is shown in Table 3.5. Amongst all provided options, the most likely strategies were
avoiding tall grass and bushes (80.3%), using insect repellent (74.2%), and examining
their body for ticks (73.2%). Few visitors reported that they would likely discuss tick
prevention with park staff (18.2%), and only 25% responded they were likely to carry a
tick key. Additionally, less than one-third of visitors stated that they were likely to utilize
the Ontario Parks website (30.5%), the park visitor centre (28.3%), trailheads (28.7%) or
washroom information boards (24.5%) to learn about ticks.
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Table 3.5. Likelihood of participants adopting tick protection strategies during park visit
(n=416).
Not
likely
(1)

Somewhat
Neutral
Somewhat
unlikely (indifferent)
likely
(2)
(3)
(4)

Very
likely
(5)

n

Mean

S.D.

Avoid tall grass and bushes

6.3%

7.3%

6.1%

22.4%

57.9%

411

4.2

1.21

Use mosquito or tick repellant

10.7%

7.5%

7.5%

17.3%

56.9%

411

4.0

1.38

Examine body for ticks

7.5%

8.0%

11.2%

23.6%

49.6%

411

4.0

1.27

Wear socks

13.2%

11.5%

11.3%

19.6%

44.4%

408

3.7

1.46

Avoid activities in areas where
there is a risk of ticks

15.4%

16.9%

15.2%

21.1%

31.3%

402

3.4

1.46

Use covering pants and longsleeves shirt or jacket

21.0%

14.9%

11.5%

19.1%

33.5%

409

3.3

1.56

Learn about ticks on Ontario Parks
website

32.7%

19.0%

17.8%

14.4%

16.1%

410

2.6

1.47

Learn about ticks at the Visitor
Centre

32.0%

19.3%

20.3%

17.1%

11.2%

409

2.6

1.38

Learn about ticks at trailheads

32.7%

21.0%

17.6%

17.1%

11.6%

404

2.5

1.40

Learn about ticks at washrooms

33.6%

23.2%

18.8%

15.1%

9.4%

405

2.4

1.34

Carry a tick key

48.6%

15.8%

10.5%

9.5%

15.5%

399

2.3

1.52

Learn about ticks on another
government website such as Public
Health Ontario

33.4%

20.6%

16.5%

15.0%

14.5%

407

2.3

1.47

Discuss tick prevention with park
staff including Natural Heritage
Educators

39.6%

26.0%

16.2%

10.3%

7.9%

407

2.2

1.28

Participants were asked the likelihood of returning to the park under a variety of tickrelated scenarios, as shown in Table 3.6. Most reported that they would likely return to the park
if they get a tick on their body (63.2%), get bitten by a tick (59.4%), or have someone they are
visiting with get bitten by a tick (63%) during their visit. In contrast, many participants reported
that they would be unlikely to return to the park if they (43.8%) or someone they were with
(39.8%) contracted a tick-borne disease because of a park tick bite. Interestingly, most visitors
reported that they would likely continue doing everyday activities (such as yard maintenance,
playing sports, gardening, picnicking, and walking their dog in natural areas) if they were bitten
by a tick while doing them (72.6%). Most visitors reported that they would likely return to the
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park if regional rates of tick-borne illnesses increased by 10% (61.7%), however, only
41% of visitors reported being likely to return if these rates increased by 30% (see Table
3.6).
Table 3.6. Likelihood of participant returning to this park if the following scenarios occurred
(n=416).
Not
likely
(1)

Somewhat
unlikely
(2)

Neutral
(indifferent)
(3)

Somewhat
likely
(4)

Very
likely
(5)

n

Mean

S.D.

You get a tick on your body

7.0%

10.1%

19.7%

20.2%

43.0%

416

3.8

1.28

You get bitten by a tick

9.9%

12.0%

18.8%

21.2%

38.2%

416

3.7

1.35

Someone you are with gets
bitten by a tick

6.1%

12.0%

18.9%

15.7%

47.3%

408

3.9

1.30

26.0%

17.8%

18.5%

17.8%

20.0%

416

2.9

1.49

21.0%

18.8%

16.3%

13.9%

30.0%

410

3.1

1.53

5.4%

8.7%

24.3%

23.3%

38.4%

391

3.8

1.19

Regional tick-borne
diseases increased by 20%

7.0%

15.1%

27.0%

23.1%

27.8%

385

3.5

1.24

Regional tick-borne
diseases increased by 30%

17.4%

25.1%

16.4%

16.9%

24.1%

402

3.0

1.44

You contract a tick-borne
disease
Someone you are with
contracts a tick-borne
disease
Regional tick-borne
diseases increased by 10%

An analysis comparing various tick-related behaviours by visitor characteristics
found that females take significantly more tick prevention measures during their visit
than males (p = 0.01) (see Table 3.7). It was also discovered that those visiting the Pinery
for the first time are significantly less likely to return to the park if they get a tick on their
body, get a tick bite, or contract a tick-borne disease as a result of a park tick bite (p =
<0.001). Additionally, these individuals are significantly less likely to return to the park
if regional rates of tick-borne illnesses increase by 10%, 20%, or 30% (p = <0.001).
Those visiting the park with children are also significantly less likely to return to the park
under nearly all of these scenarios in comparison to those who did not visit the park with
children.
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Table 3.7. Means analysis of tick-related behaviours by categorical variables.
Likelihood
of taking
tick
prevention
measures
during visit
(Overall)1

Likelihood
of
returning tick on
body

Likelihood
of
returning
- tick bite

Likelihood
of
returning contract a
tick-borne
disease

Likelihood
of
returning
if ticks
increased
by 10%

Likelihood
of
returning
if ticks
increased
by 20%

Likelihood
of
returning
if ticks
increased
by 30%

Male

2.9a

3.9a

3.8a

3.1a

3.8a

3.6a

3.1a

Female

3.1b

3.8a

3.6a

2.7b

3.8a

3.4b

3.0a

Yes

3.0a

3.7a

3.5a

2.7a

3.7a

3.4a

2.9a

No

3.1a

4.0a

3.9b

3.1b

4.0b

3.7b

3.2a

Canada

3.0a

3.9a

3.7a

2.9a

3.8a

3.5a

3.1a

USA

2.9a

4.2a

4.0a

3.0a

4.1a

3.6a

3.2a

Employed

3.0a

3.8a

3.6a

2.8a

3.8a

3.5a

3.1a

Unemployed

3.0a

3.7a,b

3.8a,b

3.2a

3.5a

2.9a

2.8a

Not in the
labour force

2.9a

4.3b

4.2b

3.2a

4.2a

3.8a

3.2a

Is this your
first visit

Yes

3.0a

3.1a

3.0a

2.4a

3.2a

2.9a

2.5a

No

3.0a

4.0b

3.8b

3.0b

4.0b

3.6b

3.2b

How many
days spent
in park

One day or less

2.8a

3.7a

3.6a

3.1a

3.8a

3.4a

3.0a

More than one
day

3.0a

3.8a

3.7a

2.9a

3.8a

3.5a

3.1a

Yes

3.4a

3.7a

3.5a

2.7a

3.8a

3.5a

3.0a

No

2.6b

3.9a

3.8a

3.0a

3.8a

3.5a

3.1a

Gender
Did
children
accompany
you on your
current
park visit?
Country of
Residence

Current
employment
status

Limit self
from being
in areas
where ticks
may be
present

Note: values in the same row and sub-table not sharing the same subscript are significantly different at p< .05 in the
two-sided test of equality for column means. Cells with no subscript are not included in the test. Tests assume equal
variances. Tests are adjusted for all pairwise comparisons within a row of each innermost sub-table using the
Bonferroni correction.
1
Calculated as a mean of the original series of 13 ratings, measured in their original ordinal categories.

A correlation analysis of tick preparedness and prevention strategies by visitor
characteristic variables found, as highlighted in Table 3.8, that those with higher self-perceived
levels of tick-related education typically do a more sufficient job preparing for ticks before they
visit the park (p = <0.001). These individuals are also more likely to take tick prevention
measures during their park visit such as carrying a tick key (p = 0.002), avoiding tall grass (p =
0.013), and examining their body for ticks (p = <0.001). Those who reported having a higher risk
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perception of getting a tick bite in the park are significantly more likely to take tick
prevention measures both before and during their park visit (p = <0.001). Interestingly,
no significant correlations were uncovered when visitor age, duration of visit, frequency
of interaction with nature, and education were compared with overall tick preparedness,
both before and during their visit.
Table 3.8. Correlation analysis of tick preparedness and prevention strategies by visitor
characteristic variables.

Age

Duration
of park
visit

Frequency
of
interaction
with nature

Highest
level of
education

Perceived
level of
education
of ticks

Risk
perception
of a tick
bite

Preparedness for ticks prior to visit
(Overall)1

0.090

0.092

0.093

-0.062

.201**

.259**

Likelihood of wearing long-sleeves
during visit

-.144**

-0.080

-0.014

0.000

0.058

.301**

Likelihood of using mosquito or tick
repellent during visit

-.162**

-0.045

0.028

-0.002

-0.060

.139**

Likelihood of wearing socks during visit

-0.096

-.099*

-0.003

0.029

0.062

.269**

Likelihood of avoiding tall grass during
visit

0.056

-0.093

-0.011

0.037

.100*

.244**

Likelihood of examining body for ticks
during visit

0.001

-0.008

0.061

-0.027

.169**

.315**

Likelihood of learning about ticks on the
Ontario Parks website during visit

0.021

0.030

-0.002

-.100*

0.077

.284**

Likelihood of learning about ticks on
another government website during visit

-0.045

-0.017

-0.014

-0.071

.116*

.273**

Likelihood of learning about ticks at the
Visitor Centre during visit

0.022

0.064

-0.022

-0.066

0.025

.186**

Likelihood of learning about ticks at
trailheads during visit

-0.072

-0.019

0.023

0.009

-0.010

.134**

Likelihood of learning about ticks at
washrooms during visit

-0.076

-0.045

0.068

0.045

0.090

.137**

Likelihood of discussing tick prevention
with park staff during visit

-0.070

-0.004

-0.030

-0.055

0.087

.206**

Likelihood of avoiding areas where ticks
may be present during visit

0.021

-0.066

0.021

-0.034

0.097

.332**

Likelihood of carrying a tick key during
visit

0.008

0.062

0.067

-0.079

.142**

.245**
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Average likelihood of taking tick
prevention measures during visit
(Overall)2

-0.085

-0.028

0.045

-0.031

.106*

.341**

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
1
Calculated as a mean of the original series of 8 ratings, measured in their original nominal categories.
2
Calculated as a mean of the original series of 13 ratings, measured in their original ordinal categories.

3.4.4. Communication Strategies
Participants were asked to rate the importance of various tick-related communication
strategies, as presented in Table 3.9. Whilst “Have information on ticks at the Visitor Centre”
was the top-rated communication strategy (81.2% of participants), the average rating of the
remaining strategies were not far off, suggesting consistency amongst all listed strategies.
Interestingly, bivariate analysis results indicate that one’s perceived importance of these
communication strategies is not significantly dependent on gender (p = 0.693), country of
residence (p = 0.456) or whether children accompanied them on their visit (p = 0.327). However,
it was discovered that those who limit themself from spending time in areas where ticks may be
present tend to value these communication strategies significantly more than those who do not
practice this precaution (p = 0.005).

Table 3.9. Analysis of key communication variables (n = 411).
Not at all
Low
Neutral
Moderately Extremely
important importance (indifferent) important important
(1)
(2)
(3)
(4)
(5)

n

Mean S.D.

Have info on ticks
at the Visitor
Centre

1.0%

6.9%

11.0%

54.7%

26.5%

408

4.0

0.86

Tick info on
Ontario Parks
website

1.7%

7.6%

12.0%

57.4%

21.3%

408

3.9

0.88

Have staff
available to answer
questions

1.5%

9.0%

13.9%

53.0%

22.6%

411

3.9

0.92

Provide flyers that
contain tick info
upon entry

1.5%

8.5%

12.9%

57.2%

20.0%

411

3.9

0.88
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Pre-visit info on
ticks with campsite
reservation

2.4%

9.3%

13.9%

53.2%

21.2%

410

3.8

0.95

Information on the
“Friends of
Pinery” website

2.5%

11.3%

12.8%

52.9%

20.6%

399

3.8

0.98

Information on the
“Friends of
Pinery” phone app

2.6%

12.1%

15.9%

51.6%

17.9%

347

3.7

0.98

3.5. Discussion
Through a critical examination of this study’s results, a better understanding of
visitor perceptions of risk related to ticks, tick bites and Lyme disease, pre-and during
visit behaviours, and perceived importance of various communication strategies that are
currently or could be employed by Pinery Provincial Park and Ontario Parks more
broadly, strategies can be developed to enhance the capacity of decision-makers and park
managers to better educate park visitors about tick prevention measures. By strategically
informing visitors about the risks of ticks and tick-borne illnesses and offering strategies
to reduce these risks, Ontario Parks can further reduce tick-related risks within parks
without sacrificing visitation or visitor experiences.

With respect to knowledge, experience, and perceived risk, results indicate that
most park visitors have heard of Lyme disease, however, they do not fully understand the
implications of the disease due to a lack of education. Interestingly, while visitors have
only a moderate concern of being bitten by a tick while spending time at Pinery
Provincial Park, they reported that they are more threatened by ticks in the park than they
are in their everyday lives. It is expected that individuals have the perception of being
more exposed to the risk of ticks in parks because they are more surrounded by natural
habitat in comparison to their everyday life activities (where they likely have reduced
exposure to nature).

It was discovered that females have a significantly higher tick-related risk perception than
males. These results are consistent with the results of other studies that have analyzed how
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environmental and safety risk perceptions can vary based on gender (Hitchcock, 2001; Susanto et
al., 2018, Xiao & McCright, 2015). Some claim that women have more concern for
environmental problems that pose health and safety risks due to gender socialization which
promotes well-being-related concern amongst women (Altunoglu et al., 2017). Others report that
contrasting environmental risk perceptions amongst males and women likely stem from sociopolitical factors such as power, status, alienation, and trust (Flynn et al., 1994).

Overall, results suggest that visitors are divided regarding their perceived likelihood of
experiencing a tick bite or contracting a tick-borne illness while visiting the Pinery. While the
majority of visitors perceive these scenarios to be unlikely, nearly one-quarter of visitors believe
that they will likely experience a tick bite during their visit. This may be a cause for concern for
Pinery Provincial Park and Ontario Parks more broadly, as visitation trends may be impacted by
these perceptions. Personal safety is a paramount priority for visitors, and it is unknown how risk
perceptions may affect participation in certain activities provided within the park. Our results
suggest that it will be important for visitors to continue to feel safe while participating in
activities that have a relatively low risk of encountering ticks.

With respect to pre-visit and in-park risk mitigation behaviour, our results indicate that
visitors are divided about consciously limiting themselves from spending time in areas where
ticks may be present. Perhaps this inconsistency is due to a lack of knowledge of where ticks are
commonly present, or perhaps visitors do not fully comprehend the severity of the hazards
associated with ticks and tick-borne illnesses such as Lyme disease due to the lack of education
on the topic. Critically, our results indicate a relatively low percentage of visitors (less than onethird) prepare for ticks prior to their visit, and those who do prepare tend to rely on social
networks such as friends and family as sources of information. Very few visitors reported that
they utilize the Ontario Parks website or information phone number as a source of information
involving ticks and tick-borne illnesses. Relying on one’s social network as a primary source of
health-related information can have severe consequences. A 2018 study on the spread of
misinformation on social media found that inaccurate messaging regarding Zika virus was shared
nearly three times more than verified sources through social media (Sommariva et al., 2018). It is
crucial that visitors choose to utilize reliable information sources such as medical practitioners,
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governing institutions, and environmental organizations such as Ontario Parks to increase
knowledge and better prepare for encountering ticks while spending time in parks.

Overall, results suggest that visitors are doing an adequate job practicing tick prevention
measures while spending time in the park (e.g., avoiding tall grass/bushes and wearing insect
repellent). However, only around half of those surveyed reported that they are likely to wear
covering pants, long-sleeves/jackets, and socks while spending time in the park as a method of
tick prevention. While this is somewhat unsurprising as most surveying took place during the
warm summer season, it is important that visitors understand how beneficial these clothing types
can be regarding tick bite prevention. Amongst all listed ways to protect oneself from ticks
during their park visit, visitors reported that they were least likely to discuss tick prevention with
park staff or Natural Heritage Educators. Perhaps visitors believe that this prevention strategy is
socially and temporally inconvenient, leaving them to protect themselves from ticks through
other less time-demanding measures. Questions remain as to why many visitors reported that
they would not likely carry a tick key during their park visit, especially considering the potential
effectiveness of such a tool in reducing exposure to Lyme disease. Perhaps visitors are unaware
of these tools as they are somewhat new to the outdoor tourism and recreation market, or perhaps
they believe that performing other tick prevention strategies may be more effective in terms of
tick-related safety. No matter the reason, it is essential that visitors learn the value of these
protective strategies and strongly consider implementing them into their typical camping
routines.

Results highlight a moderate likelihood that visitors will return to the park if they, or
someone they are visiting with, experience a tick bite. However, respondents reported that they
are much less likely to return to the park if they, or someone they are visiting with, are diagnosed
with a tick-borne illness because of a park tick bite. Results also highlight that while most
visitors reported that they would continue to visit the park if regional incidents of ticks and tickborne diseases increase by 10% (under climate and habitat change for example), a large
proportion of respondents (over 42%) indicated that they would not likely visit or would be
somewhat unlikely to visit the park if these incidents increase by 30%. These results may have a
significant impact on park visitation, as cases of ticks and tick-borne illnesses within the region
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are projected to increase in the coming years (Bouchard et al., 2019; Leighton et al., 2012)
requiring further examination and consideration by park managers. If these current projections
hold true, significant reductions in park visitation could have substantial implications for Ontario
Parks revenue or, at the very least, highly influence the activities participated in by visitors. As
such, the development of effective communication strategies by Pinery Provincial Park and
Ontario Parks more broadly will be essential to educating the public about the risks of ticks in a
way that does not scare potential visitors away by these risks.
Results show that an overwhelming majority of visitors value Ontario Parks’ existing
communication strategies with respect to tick bite prevention. Specifically, most visitors took the
position that having tick information available at the park’s Visitor Centre is essential.
Interestingly, results indicate that visitors perceive that both onsite (having information at the
Visitor Centre and providing flyers upon park entry) and offsite (tick information on the Ontario
Parks website and pre-visit tick information with emailed campsite reservation) tick
communication strategies are equally valuable. Through the adoption of a variety of
communication and outreach mechanisms, and continuous promotion of accurate and accessible
sources of information, Ontario Parks can work to ensure that visitors feel safe while
experiencing the extensive benefits of parks and other forms of protected areas (Gies, 2007;
Lemieux et al., 2015; Reining, 2020). Having a balance between both onsite and offsite
communication will be critical for the health of visitors through the coming years.

3.5.1. Recommendations
1. Enhance visitor awareness of tick and Lyme disease risks in parks
First and foremost, visitors in the Ontario Parks system must develop a stronger
understanding of the risks associated with ticks and tick-borne illnesses. Through effective
education, one can better comprehend the methods needed to be properly protected from ticks
and other natural risks. For the sake of future park visitation, it is essential that potential park
users understand that while ticks can be found in Pinery Provincial Park and other provincial
protected areas, there is a possibility of encountering them in other natural locations like tall
grassy areas, woodlands, and suburban backyards (Fischhoff, et al., 2019; Nicholson et al., 2019;
Public Health Ontario, 2021b).
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While Ontario Parks should not be held solely responsible for increasing the
public’s awareness of ticks, park agencies play a vital role in educating park users and
equipping staff members with the knowledge necessary to avoid ticks (Dolesh, 2018). In
2018, Matt Graul, chief of stewardship for the East Bay Regional Park District (EBRPD)
in San Francisco, California, U.S., reported that regional park agencies have begun
instituting improved tick awareness measures for the public. Specifically, the EBRPD
developed a tick bite protocol for staff members and has conducted extensive training and
education for both full-time and seasonal staff members. Additionally, the EBRPD has
developed an in-park signage framework that promotes tick awareness in areas with
increased likelihoods of visitor exposure (Dolesh, 2018). It is recommended that Pinery
Provincial Park also institute a comprehensive tick awareness framework for staff
members and visitors. Specifically, the Pinery should work to develop and implement
new communication measures to increase tick awareness and safety without sacrificing
park visitation and revenue.

2. Include aspects of risk, including ticks and Lyme disease risk, in park management
planning processes and park management plans;
It is also recommended that Pinery Provincial Park considers updating its current
park management plan to better prioritize the health and safety of visitors by addressing
emerging pressures including the regional spread of ticks and tick-borne illnesses. A
cursory review of Pinery’s (extremely dated) management plan underscored a pressing
need to address risk-related management strategies (Ontario MECP, 1986). While this
plan encourages the biological control of insects and diseases that threaten the species
richness and integrity of the natural environment, the Pinery should assess the
implications of such control measures in relation to their ecological integrity mandate.
Relatedly, visitor acceptability of tick and biological control measures should be assessed
in the management plan public consultation process and through visitor surveys. It is
worth noting here that Pinery is operating in violation of its own management plan. The
management plan explicitly states that the park should host 1,000 campsites. However, it
is currently operating approximately 1,100 sites. From this, one could extrapolate that
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Pinery is putting visitors at increased risk of tick bites and related diseases by operating more
campsites than stated in its management plan. Reducing the number of campsites at the park
could therefore represent an important risk mitigation measure. Pinery Provincial Park managers
could also look towards park management plans in other jurisdictional contexts, both nationally
and internationally, to determine best practices regarding the inclusion of visitor safety and risk
prevention objectives. Through the incorporation of tick-related education, prevention, and
awareness strategies in an updated management plan, the Pinery can develop new policies for
which performance can be evaluated while setting provincial park standard for the protection of
health and safety amongst park users with respect to ticks and Lyme disease.

3. Implement a diversity of risk mitigations measures for a diverse public (on-site and via
camper reservation systems)
As results highlight that most visitors are unwilling to wear protective clothing during the
summer season, the park must continue to promote alternative methods of tick awareness and
safety. Pinery Provincial Park could consider a more widespread approach of promoting the
purchase of tick keys from the park store. While these tools do not limit one’s chances of
experiencing a tick bite in the park, visitors can significantly reduce their chances of developing
a tick-borne illness by using a tick key to safely remove a burrowed tick from their body (CDC,
2020). In addition to increasing visitor safety, a promotional strategy of this kind would likely
boost park revenue through increased merchandise sales, a typically underutilized source of park
income (Eagles et al, 2002). The integration of an Ontario Parks branding approach within this
promotion should also be considered as this will likely encourage product demand and awareness
of the provincial parks system as a whole (Bushell & Eagles, 2006).
The Pinery’s digital campsite confirmation emails have the potential to serve as a
powerful park-to-visitor communication method regarding tick awareness. Currently, Ontario
Parks’ confirmation emails provide visitors with a digital copy of campsite payment documents,
along with reservation details and contact information (including the Ontario Park’s information
phone number). These emails also include an Important Messages section that highlights a
variety of reminders surrounding campsite permits, food storage, and the transportation of
firewood. It is recommended that Ontario Parks considers incorporating a brief segment of tick43

related information into these emails to ensure that visitors are mentally and physically equipped
with tick prevention strategies before arrival. It is further recommended that these emails include
a hyperlink to the Ontario Parks webpage, as well as links to the Lambton Public Health website
and the “Friends of Pinery” phone app (MacDonald, 2019), which highlight ways to protect
one’s self from ticks (Friends of Pinery, 2021b; Lambton Public Health, 2020; Ontario Parks,
2021d). Additionally, these emails should better promote the Ontario Parks information phone
number to ask any park-related questions as well as campsite reservation-related inquiries. To
coincide with this digital communication strategy, the Pinery should ensure that park staff
including full-time and seasonal employees are properly trained with tick-related education that
can be shared with visitors upon request. Specifically, Natural Heritage educators and employees
working in the park Visitor Centre should receive further education as results indicate that these
are areas of high priority. These Park staff members should be equipped with knowledge
involving how to adequately communicate tick and tick-borne illness awareness to visitors
without causing alarm.

In addition to these strategies, the Pinery should further explore ways to remind
visitors of the risk of ticks through the implementation of physical park signage. While
the park currently posts tick-related signage on park message boards and trailheads, park
managers should consider implementing informative signage in locations such as
individual campsite posts, or washroom/shower stalls. By reminding visitors to check
their bodies for ticks in locations of increased privacy, visitors may better follow Ontario
Parks’ recommended tick prevention strategies. As noted throughout academic literature,
increasing awareness and knowledge of the risk of ticks and the importance of removing
attached ticks can significantly reduce the risk of acquiring tick-borne illnesses (Falco et
al., 1996; Mowbray et al., 2012; Slunge & Boman, 2018). Through these recommended
strategies, the Pinery, along with other Ontario parks and protected areas, can
significantly increase visitor education and awareness regarding tick bite and tick-borne
illness prevention.
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4. Manage risk through better knowledge management
At a fundamental level, understanding and responding to risk depends on the knowledge
and judgement of employees at all levels. Better knowledge with respect to ticks and Lyme
disease risk needs to be fostered, through research and other means, and actively managed so that
preventative risk management strategies can be developed and communicated. It is now clear
that protected area managers must be trained in tick and Lyme disease risks, across the entire
organization (at the park and organizational levels), to better ensure that visitors have a safe
experience.

While this study represents an important contribution towards better understanding public
perceptions of ticks and tick-borne illnesses, this survey should be enhanced and replicated in
other parks and protected areas located in tick endemic zones. Specifically, similar studies
should take place in other popular natural areas throughout Ontario and other Canadian
provinces where ticks are prevalent (or expected to be prevalent) to explore inter/intraprovincial
differences in risk perceptions. It is also recommended that further research is conducted at both
state and national parks throughout the northern United States, and perhaps Europe, as parks in
these locations likely have more experience with tick and tick-borne illness management. Once a
sufficient understanding of park management in the United States is obtained, opportunities may
arise to implement new management strategies throughout the Canadian regions that are most
threatened by ticks and tick-borne illnesses. Lastly, it is recommended that the provincial
government invest further in climate change modelling for ticks and tick-borne illnesses. By
developing a stronger comprehension of the locations in which tick prevalence will likely
increase, park and protected area managers can implement strengthened tick awareness programs
to increase visitor safety without sacrificing park visitation and revenue.

3.5.2. Limitations
A variety of limitations have likely influenced the overall results and outcomes of this
study. First, while data were collected over a four-month surveying period, results do not account
for unforeseeable circumstances over the long term, which can greatly influence visitor
characteristics and perceptions of risk. For example, due to the lockdowns and social gathering
restrictions brought on by the COVID-19 pandemic, parks and other forms of green spaces were
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utilized far more frequently than they were in years past (Geng et al., 2021). This rise in
visitation could be a cause for concern amongst park managers as many new, less educated
visitors may lack the outdoor awareness and social etiquette that is seen amongst typical park
visitors (Templeton et al., 2021). These circumstances may lead to increased exposure to park
risks such as ticks and tick-borne illnesses, or more frequent instances of social conflict amongst
visitors. By conducting a study of this kind over a longer-term, such as a multi-year surveying
period, a changing visitor demographic would be better accounted for.
Also, due to this study’s provincial novelty, there was a significant lack of
comparative data to determine how the results of this study parallel and contrast with that
of similar studies. Without an adequate cross-study comparison, it is difficult to
determine the magnitude of a potential sample selection bias (Slunge & Boman, 2018).
While the use of a systematic sampling technique that surveyed park users on a next
available basis was an effective way to achieve this study’s target sample size, this
technique is somewhat biased as the researcher can only survey those who appear
approachable (Miles, 2009). Due to this selection bias, an accurate representation of the
Pinery’s visitor population may not have been perfectly achieved.

3.6. Conclusions
The study detailed here represents the first assessment of visitor perceived risk
and risk-reduction behaviours with respect to ticks and Lyme disease in the Canadian
parks and protected areas context. As such, the implementation of this study has
produced valuable information that has been otherwise unavailable in Ontario, or any
other regions in Canada where ticks and the prevalence of Lyme disease has become a
concern within protected areas (e.g., Nova Scotia, British Columbia, and several prairie
provinces). By establishing how the public perceives the threat of ticks and tick-borne
illnesses and developing an understanding of how an increased prevalence of ticks and
tick-borne illnesses may affect park visitation, we have provided several insights and
recommendations that can be used to enhance protected area agency preventative
outreach, communication, and active management strategies. Specifically, further parkto-visitor communication programs can be established to directly inform the public about
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the risk of ticks and tick-borne illnesses. Visitors need to be informed and empowered to better
practice precautionary strategies to protect themselves from ticks while enjoying the many
human health and well-being benefits that flow from parks and other forms of protected areas in
Canada and beyond. With an expanded tick range under climate change, and related increases in
the prevalence of Lyme disease in many regions across Canada, it will be important for protected
area agencies to be proactive in this regard to ensure visitor health and safety and reduce risks
and losses, including decreases in visitation and loss of revenue, that could be associated with an
ill- or misinformed public.
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Abstract:
Reported cases of Lyme disease in Canada have been exponentially increasing over recent years
as an expanding geographic range of ticks continues to spread across the country. Despite this,
very few studies have explored how Canadians perceive the threat of ticks and tick-borne
illnesses, and no studies have focused on this topic within the context of parks and protected
areas. As a result of this knowledge gap, protected area agencies are unable to adequately
communicate the risks and protective measures associated with tick bite prevention to current
and prospective visitors. This study reports the findings of an in-situ survey of Ontario park
users within one of the province’s most highly visited protected areas. Results showcase that few
visitors feel sufficiently educated about ticks (20.6%) and those travelling longer distances to
visit the park are significantly less likely to return if regional cases of tick-borne illnesses
continue to increase under future climate change. A mixed-method segmentation analysis
uncovered five distinct visitor groupings amongst the wider population of park users which calls
for the development of segment tailored outreach products to enhance tick-related knowledge
and awareness. Recommendations pertaining to protected area management responses are
discussed, including strategies on policy development and both on- and off-site risk
communication.

Keywords: ticks; Lyme disease; risk communication; segmentation; protected areas; parks;
behaviours; perceptions.
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4.1. Introduction
Protected and conserved areas in Canada serve as fundamental spaces that protect
natural and cultural heritage and foster public understanding, appreciation, and
enjoyment. On a national scale, these areas attract hundreds of millions of visitors on an
annual basis, generate nearly $4.6 billion in annual GDP, and support an estimated
64,000 full-time jobs across the country (CPAWS, 2012). Increasingly, these locations
have been recognized for their human health and well-being contributions as they provide
an abundance of health-related benefits including stress relief, social interaction, and
physical activity (Gies, 2007; Lemieux et al., 2015; Reining et al., 2020). On a provincial
scale, Ontario-based protected areas attract nearly 11 million visitors and generate close
to $100 million annually (Ontario Parks, 2021e). Visitation to Ontario provincial parks
has increased by nearly 130,000 visitors over the past decade (Ontario Parks, 2019), and
visitation rates to these destinations will likely continue to rise as populations in
Ontario’s major urban centres continue to grow. These rates will also continue to
increase as the COVID-19 pandemic continues, which has produced record-breaking park
visitation rates on a global scale (Derks et al., 2020; Geng et al., 2021; Grima et al., 2020;
Spenceley et al., 2021), and due to an increased awareness of the psychological, physical,
and social benefits that people receive from visiting these areas.

Given the significant volume of people visiting protected areas in Canada, park
managers must work to ensure that the benefits of these areas are achievable while
minimizing health and safety risks. In the Ontario Parks system, park managers are
greatly responsible for ensuring a high standard of visitor health and safety which can
often be challenging due to the unpredictability of risk within the natural environment.
Through decades of practice, Ontario-based Park management agencies have found
success in keeping a diversity of risks minimal. However, new risks, such as Ontario’s
increasing rates of tick encounters and Lyme disease cases, will likely require new
strategies to keep visitors safe in protected areas across the province.

For many years, market segmentation and visitor profiling strategies have been
used to tailor communication and educational programming towards specific audience
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types within protected area systems (Galloway, 2002; Rickard et al., 2011; Smith et al., 2014).
Market segmentation is the process by which large, heterogeneous markets are subdivided into
smaller, homogeneous subgroups through the evaluation of demographic and psychographic
characteristics (Dawson et al., 2011; Gu et al., 2018). While existing park segmentation literature
has provided important insights into visitor motivations and behaviours in parks, no Canadian
studies have constructed homogenous visitor segments that consider tick and tick-borne illnessrelated perceptions and behaviours related to risk. Without research of this kind, park agencies
are unable to adequately understand visitor perceptions of risks and, by extension, communicate
the risks and prevention strategies associated with rising cases of tick encounters and tick-borne
illness contraction across Ontario and beyond. It is expected that a segmentation analysis of
Ontario Parks users that focuses on tick-related perceptions and behaviours will produce a
number of scholarly and practical contributions, thus inspiring the development of new tick
prevention campaigns and audience-centred outreach initiatives. With a critical knowledge and
management gap in place, the objectives of this study are to:

1. Explore the tick-related perceptions and behavioural patterns amongst visitors to one of
Ontario’s most highly visited protected areas, Pinery Provincial Park;
2. Investigate the relationships between visitor traits, (i.e., socio-demographic
characteristics), travel distance, and tick-related perceptions and behaviour to establish
segments amongst Pinery Provincial Park’s visitor population; and,
3. Provide evidence-based recommendations to support audience-centred outreach
initiatives to reduce the risks of tick and tick-borne illnesses amongst Ontario provincial
parks and Canada’s broader spectrum of protected and conserved areas.

4.2. Literature Review
Over recent years, an expanding geographic range of ticks throughout Ontario, and
Canada more broadly, has caught the attention of the public health community, researchers, park
managers and other nature-based tourism professionals. In conjunction with this range
expansion, reported cases of tick-borne illnesses such as Lyme disease, already the most
prevalent tick-borne zoonosis in North America, have been steadily increasing (Burrows et al.,
2021; Nuttall, 2021). While historically there have been very few reported cases of Lyme disease
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throughout Canada, national cases of the illness have increased by over 1,700%
throughout the past decade, reaching 1,159 reported cases in 2019 alone (Government of
Canada, 2021; Public Health Ontario, 2021a).

Many believe that climate change is a leading driver in this epidemiological rise
as global mean temperatures continue to increase (Bai, 2018; Bouchard et al., 2019).
These increasing temperatures have allowed tick species to migrate towards previously
uninhabitable locations such as areas of higher latitudes and urban areas. Experts estimate
that the geographical range of ticks within Canada will likely expand by an annual range
front velocity of 46 kilometers due to these conditions (Leighton, 2012). Additionally,
with milder temperatures and lessened snowfall over the winter season, ticks have a much
higher rate of survival in the winter, allowing for increased offspring production and
further habitat expansion in the spring (Gamillo, 2022; Pennisi, 2022).

Under recent climate forecast modelling, it is estimated that mean annual
temperatures in Canada will continue to escalate in the coming years, indicating that the
spread of ticks and tick-borne illness cases will also continue to rapidly increase
(Hierlihy, 2017). These existing and projected increases are concerning to public land
managers as rising rates of ticks and tick-borne illnesses could have major implications
on visitor perceptions and behaviours in regard to parks, which could in turn, have severe
impacts on park revenue (ISAC, 2019). Moreover, contemporary researchers have
highlighted that mean annual temperature increases will likely result in significant
visitation increases for parks and other forms of nature-based tourism activities in Ontario
(most notably in the shoulder seasons) (Hewer et al., 2016; Jones & Scott, 2006; Parker,
2017). The combination of increased visitation rates, changes in the timing of peak
visitation seasons, and the spread of ticks and tick-borne illnesses will likely present
considerable challenges for park managers who work to preserve biodiversity while
maintaining conservation efforts and visitor safety (Hewer et al., 2016).

To date, there is a paucity of existing literature that explores the perceptions of
ticks and tick-borne illnesses amongst Canadians, and there are no studies that focus on
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this topic within the context of Canadian park management. More specifically, there is a glaring
lack of data regarding tick-related perceptions and behaviours amongst visitors within the
Ontario Parks system. As a result, the development of tick-related visitor outreach approaches
that encourage visitor awareness and risk prevention measures in parks is inadequate. It is
necessary that Ontario-based tourism agencies develop new preventative approaches to
effectively educate visitors about the risks of ticks in parks.

For many years, market segmentation has been used to divide large populations into
smaller, homogeneous segments for a variety of practices. Segments are typically constructed
through the analysis of varying critical attributes amongst a population including social, cultural,
psychographic, geographic, and demographic characteristics (Glik, 2007; Maibach et al., 2011;
Smith et al., 2014). Segmentation tools have been commonly used for marketing purposes as
they can help organizations focus their human and financial resources towards the advancement
of a given objective (Goldberg, 2016; Maibach et al., 2011). Segmentation is also frequently seen
within the realm of health messaging, where targeted communication strategies addressing health
education are often created for specific population segments (Noar et al., 2011). In contrast with
“one-size-fits-all” communication approaches that dismiss individual disparities amongst a
population, segment-focused communication efforts that contain audience-tailored content tend
to be much more effective in achieving public engagement objectives (Goldberg, 2016; Kreuter
et al., 2000; Noar et al., 2007). Despite having success within the for-profit marketing sphere,
audience segmentation has been an underutilized form of analysis within the context of resource
management (Goldberg, 2016).

The relationships between tourist geographic origins, travel paths, behaviour, and tourism
product development have been studied for many years (Park et al., 2019). Historically, scholars
have explored the relationships between geographical origin and destination choice through the
analysis of travel distance (Crampon, 1966). Modern researchers have focused on how travel
distance influences one’s assessment of resources as well as the types of activities that are
engaged in while visiting tourist destinations (Uchiyama & Kohsaka, 2016). Through the
exploration of the relationships between tourist origins, travel paths, and destination choices,
park management agencies can develop precise and cost-effective communication approaches
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(Eagles et al., 2015). As such, many have recognized the value of including the study of
geographical characteristics while carrying out population segmentation processes (James, 2014;
Kil, Holland, & Stein, 2015; Xu et al., 2021). Through the development of visitor
segments within the context of Ontario provincial parks, managers can develop and
improve park-to-visitor outreach through the production of tailored communication
products (including but not limited to park user safety, risk management, and
environmental interpretation) for specific audience types within the wider population of
park users (Galloway, 2002; Zanon et al., 2014).

While market segmentation is often used in a variety of tourism domains, it has
been underutilized within the protected areas sector. Few Canadian studies have explored
the use of segmentation for managerial practices, although, amongst those who have used
this method have highlighted its utility in the enhancement of park-to-visitor
communication. Through the analysis of psychographic characteristics pertaining to
sensation seeking, Galloway (2002) divided Ontario provincial park visitors into distinct
segments, allowing for the enhancement of advertising campaigns towards various visitor
types. Maple et al. (2010) created visitor segments amongst Point Pelee National Park’s
birdwatcher population to better design and manage audience-tailored birding
programmes. Groulx et al. (2019) utilized a segmentation approach focusing on climate
change concern amongst visitors to two Canadian national parks. Results of the study
produced a variety of contributions used to guide interpretive experiences at last-chance
tourism destinations.

Within the United States context, Nyaupane & Graefe (2008) showcased the value
of using travel distance as a tool for segmenting visitors within the protected areas sector.
Wilkins et al. (2018) segmented nature-based tourists through the analysis of perceptions
and behaviours regarding weather sensitivity and climate change concern/mitigation.
Soucy & De Urioste-Stone (2020) created visitor segments through the analysis of tickrelated perceptions and behaviours amongst visitors in Acadia National Park. While
diverse in scope, studies of this kind continue to produce both practical and scholarly
offerings that contribute to the development of audience-centred communication within
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the protected area sector. By further exploring market segmentation approaches in protected
areas, park agencies can enhance a number of management responsibilities including tourism
marketing, risk management, audience engagement, and educational outreach.

4.3. Methods
4.3.1. Study Area
This study was conducted at Pinery Provincial Park, a 25 square kilometer natural
environment park located on the southeastern shore of Lake Huron in the municipality of
Lambton Shores, Ontario (Ontario MECP, 2021). Often referred to as “The Pinery”, it contains
the largest protected forest in southwestern Ontario which is home to over 1,000 species of flora
and fauna (The Friends of Pinery, 2022). The Pinery is categorized into the International Union
for the Conservation of Nature (IUCN) Category II as it is generally managed for ecosystem
protection and recreational purposes (Gray et al., 2009). Recreational (such as hiking, canoeing,
swimming, and skiing) and educational opportunities (such as park interpretation programming)
attract over 600,000 visitors annually, making the park the fourth most visited provincial park in
Ontario (Ontario Parks, 2019). To accommodate these visitors, the Pinery contains a number of
infrastructure features including over 20 kilometers of roadway, 1,000 developed campsites
(many situated near sources of water, electricity, and washroom facilities), a visitor centre,
amphitheater, and park store (Reining et al., 2020). As visitors continue to flock to the Pinery for
its assortment of benefits, park managers must work to preserve the park’s ecological integrity
while balancing a variety of other responsibilities including the offering of recreation and
educational opportunities, the maintenance of economic profitability, and the assurance of visitor
safety.
In 2018, the Ontario Animal Health Network announced that Pinery Provincial Park is
situated in a “risk area” for ticks and Lyme disease (OAHN, 2018). Additionally, the Pinery is
identified as one of only six provincial or national parks currently depicted in Public Health
Ontario’s provincial Lyme disease risk map (see Figure 2.4). In attempt to better monitor and
manage the threat of regional tick and Lyme disease prevalence, Lambton Public Health has
implemented an assortment of both active and passive tick surveillance strategies. While the
municipality does not currently accept ticks for identification purposes due to the COVID-19
pandemic, Lambton Public Health encourages residents to submit photos and locational data of
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ticks to eTick.ca, an online platform for image-based identification and population monitoring of
ticks in Canada (eTick, 2021; Lambton Public Health, 2022). Lambton Public Health and
Ontario Parks also work (separately) to spread tick awareness and education through a variety of
online communication methods including videos, articles, and factsheets. Further, managers of
Pinery Provincial Park display a range of tick information postings at popular park locations
including the park Visitor Centre, trailheads, and washrooms. While it is evident that measures to
enhance tick-related public safety have been (and continue to be) taken, little is known about the
effectiveness of these strategies.

4.3.2. Data Collection
A total of 416 visitors to the Pinery Provincial Park completed the survey between the
months of June and September of 2019. Surveying took place over 22 days and most (89%)
surveys were collected in July or August, the park’s busiest months. Most data were obtained on
weekends (66.3%) versus weekdays (33.7%). Typically, participants took approximately eight to
ten minutes to complete the survey. Surveying was conducted from mid-morning to the early
evening, though most surveys were collected during the afternoon hours. Efforts were made to
sample responses from individuals who accurately represent the Pinery’s visitor population. To
ensure this, a systematic sampling technique was employed which involved intercept surveying
visitors on a next available basis while travelling throughout popular park locations (Dillman et
al., 2014; Lemieux et al., 2015). While attempts were made to collect an equal sample from all
survey distribution locations, most surveys were collected in Pinery’s three campgrounds,
Riverside, Burley, and Dunes. Surveys were also distributed at Pinery’s Visitor Centre, park
store, restaurant, beach, and popular trailheads.

4.3.3. Survey Design
The survey used in this study was comprised of 39 questions organized into five sections:
1.

Sociodemographic characteristics (e.g., age, gender, postal (zip) code, education,
employment status and income);

2.

Personal awareness/knowledge of ticks and tick-borne illnesses;

3.

Perceived risk of ticks and tick-borne illnesses in everyday life and in the Pinery;

4.

Visitor behaviour related to tick-related risks; and,
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5.

Perceived importance of Ontario Parks tick bite prevention communication strategies.

Surveys were completed independently using Android tablets equipped with Harvest Your Data
offline surveying software. Tablets were used as they have been proven to reduce visitor
response time while eliminating the typical burdens associated with traditional paper-based
surveys (Leisher, 2014; Lemieux et al., 2015). A variety of question types were deployed,
including Likert scale, open-ended, and closed-ended questions. Research approval was obtained
from Ontario Parks as well as the Wilfrid Laurier University Research Ethics Board (REB
#6164). Only those over the age of 18 were asked to participate in this voluntary study and
participants remained anonymous to ensure the quality and reliability of participant responses.

4.3.4. Data Treatment & Analysis
Survey data was imported into IBM SPSS (v.26) for data preparation and statistical
analysis. A five-step mixed-methods approach was employed with the goal of identifying ways
to enhance park-to-visitor communication involving tick and tick-borne illness-related risk (see
Figure 2.5). As such, a range of analytical techniques were used to examine the relationships
between visitor perceptions, behavioural patterns, socio-demographic characteristics, and
geographical origins. Firstly, a univariate descriptive analysis of each variable was performed to
explore general trends, including categorical frequency and means analysis of sociodemographic and visit characteristics. Next, the Euclidean distances between the centroids of
respondent’s provided postal/zip codes and Pinery Provincial Park were computed using
Microsoft Windows Excel (v.2112) equipped with the CDXZipStream add-in. Travel distance
ranged from 0 (those who live in the same postal area as the Pinery) to 2564 kilometers (kms)
with an average distance of 153 kms. Participants were divided into four travel distance
categories (<99.9, 100 to 149.9, 150 to 199.9, and 200+ kms). To explore the relationships
between travel distance and other variables of study, bivariate crosstabulations were analyzed
along with chi-squared (χ2) tests of significance (at the 0.05 level). Next, multivariate analysis
was conducted through a principal component analysis to identify unique segments amongst the
Pinery’s visitor population. Finally, a thematic analysis of open-ended visitor responses was
carried out in NVivo (v.12) using Braun & Clarke’s (2006) six phases of thematic analysis (1.
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familiarizing yourself with your data, 2. generating initial codes, 3. searching for themes, 4.
reviewing themes, 5. defining and naming themes, and 6. produce the report).

4.4. Results
4.4.1. Sociodemographic and Visit Characteristics
Table 4.1 and Table 4.2 provide a summary of characteristics of the 416 participants.
Slightly more than half (53.7%) were female, the average age was 41.2 years old, a large
proportion (78.8%) were return visitors to the Pinery, and the average reported length of stay was
4.1 days. Regarding visitor origins, nearly all reported living in Canada (95.7%) with only 4.3%
reported living in the United States. The majority of participants lived in large urban population
centers (66.0%) medium population centers (12.1%), small population centers (10.2%), and rural
areas (11.6%) spread mostly throughout Ontario as shown in Figure6. The average travel
distance to the park was 153 kms.

Table 4.1. Frequency analysis of participant sociodemographic and visit characteristics (n =
416).
Variable
Gender

Variable Categories
Male
Female

n
192
222

(%)
(46.4%)
(53.6%)

Age

30 or younger
31 to 40
41 to 50
51 to 60
Over 60

115
84
104
74
36

(27.8%)
(20.3%)
(25.2%)
(17.9%)
(8.7%)

Country of
residence

Canada
United States

355
16

(95.7%)
(4.3%)

Population Centre
and Rural Area
Classification

Rural area (less than 1,000)
Small population centre (1,000 to 29,999)
Medium population centre (30,000 to 99,999)
Large urban population centre (100,000 or greater)

43
38
45
245

(11.6%)
(10.2%)
(12.1%)
(66.0%)

First visit to the
park

Yes
No

88
328

(21.2%)
(78.8%)

Home Distance to
Pinery Provincial
Park (Euclidean)

0 – 99.9 km
100 – 149.9 km
150 – 199.9 km

90
92
123

(24.3%)
(24.8%)
(33.2%)
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Duration of park
visit

200 + km

66

(17.8%)

One day or less
Two or more days

58
353

(14.1%)
(85.9%)

Table 4.2. Means analysis of participant sociodemographic and visit characteristics (n = 416).
Variable

n

Mean

S.D.

Age

413

41.2

13.1

Duration of visit (days)

411

4.1

3.1

Travel distance to the Pinery (kms)

371

153

146.8

Figure64.1. Map of participant home postal/zip codes.
Pinery Provincial Park

200 km
Base map: ©2022 Google

100 km
Base map: ©2022 Google

4.4.2. Tick-related Perceptions and Behaviours
As shown in Table 4.3, 63.5% of participants took the position that the risk of getting a
tick bite while visiting the Pinery is moderate or higher. Only 20.6% of visitors reported that
their overall level of education of ticks and tick-borne illnesses is moderate or higher (≥ 4 on the
5-point Likert scale). Participants were asked about the likelihood of returning to the park under
a variety of tick-related scenarios. Most reported that they would likely return if they get bitten
by a tick during their visit (59.4%), and only about half (51.2%) reported that they would likely
return if regional rates of tick-borne illnesses increase by 10-30%.

59

Table 4.3. Frequency Analysis of participant’s key risk perception variables (n = 416).
Risk perception of a tick bite in the park

Insignificant risk
Minor risk
Moderate risk
Major risk
Severe risk

n
29
122
155
67
41

(%)
(7.0%)
(29.5%)
(37.4%)
16.2%)
(9.9%)

Perceived overall level of education of ticks and tickborne illnesses in Ontario

Not at all educated
Slightly educated
Somewhat educated
Moderately educated
Extremely educated

31
169
130
73
13

(7.5%)
(40.6%)
(31.3%)
(17.5%)
(3.1%)

Likelihood of returning after experiencing an in-park
tick bite

Not likely
Somewhat unlikely
Neutral (indifferent)
Somewhat likely
Very likely

41
50
78
88
159

(9.9%)
(12.0%)
(18.8%)
(21.2%)
(38.2%)

Likelihood of returning if regional cases of tick-borne
illnesses increase by 10-30%

Not likely
Somewhat unlikely
Neutral (indifferent)
Somewhat likely
Very likely

40
66
91
85
121

(9.9%)
(16.3%)
(22.6%)
(21.1%)
(30.1%)

4.4.3. The Relationships Between Distance and Demographic/Tick-related Behaviour
The relationships between distance travelled from home to the park and a variety of
demographic and tick-related variables are shown in Table 4.4. Results highlight a significant
relationship between those visiting the park for more than one day and those travelling longer
distances to arrive to the park (χ2 = 23.8, p < .001). Those travelling longer distances are also
significantly more likely to be visiting the Pinery for their first time in comparison to those
travelling shorter distances (x2 = 27.5, p < .001). For example, about 93% of the shortest travel
distance visitors (< 99 kilometers) were repeat visitors, whereas only about 59% of the longest
travel distance visitors (200 or more kilometers) were repeat visitors. Notably, no statistically
significant relationships were uncovered between the four distance groups and demographicrelated variables such as age or gender.
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In regard to tick-related perceptions, it was discovered that those travelling to the Pinery
from longer distances are significantly less likely to return to the park after experiencing an inpark tick bite (χ2 = 28.1, p = 0.005). Further, these individuals are also significantly less likely to
return to the park if regional cases of tick-borne illnesses increase by 10 to 30% (χ2 = 29.4, p =
0.003). For example, about 35% of visitors in the longest travel distance category (200 or more
kilometers) reported being likely to return if these scenarios took place, whereas about 54% of
the shortest travel distance visitors (< 99 kilometers) reported being likely to return under the
same circumstances. In contrast, no significant relationships were discovered between travel
distance and one’s risk perception of a tick bite or one’s self-perceived level of tick education.

Table 4.4. Cross-tabulated analysis of home distance and demographic/tick-related behaviours.
Dependent Variables

Distance from park (kilometers)
100 150 < 99
200 >
149
199

N

df

χ2

Sig. (p)

371

12

18.9

0.091

371

3

5.8

0.120

370

3

23.8

<0.001

371

3

27.5

<0.001

370

12

5.7

0.930

Age
30 or younger (%)

23.3

28.3

26.0

28.8

31 to 40 (%)

21.1

19.6

19.5

21.2

41 to 50 (%)

17.8

31.5

28.5

22.7

51 to 60 (%)

18.9

16.3

19.5

21.2

Over 60 (%)

18.9

4.3

6.5

6.1

Total (%)

100.0

100.0

100.0

100.0

Male (%)

36.7

45.7

46.3

56.1

Female (%)

63.3

54.3

53.7

43.9

Total (%)

100.0

100.0

100.0

100.0

One day or less (%)

29.2

7.6

8.9

10.6

More than one day (%)

70.8

92.4

91.1

89.4

Total (%)

100.0

100.0

100.0

100.0

First time visitor (%)

6.7

18.5

22.8

40.9

Repeat visitor (%)

93.3

81.5

77.2

59.1

Total (%)

100.0

100.0

100.0

100.0

8.9

8.7

4.1

7.7

Gender

Visit length

Repeat visitation

Risk perception of a tick bite
Insignificant risk (%)

61

Minor risk (%)

30.0

31.5

30.9

27.7

Moderate risk (%)

35.6

35.9

40.7

40.0

Major (%)

16.7

14.1

14.6

20.0

Severe (%)

8.9

9.8

9.8

4.6

100.0

100.0

100.0

100.0

Not at all educated (%)

4.4

6.5

10.6

7.6

Slightly educated (%)

41.1

38.0

37.4

50.0

Somewhat educated (%)

27.8

37.0

33.3

28.8

Moderately educated (%)

23.3

15.2

15.4

10.6

Extremely educated (%)

3.3

3.3

3.3

3.0

100.0

100.0

100.0

100.0

Total (%)
Perceived level of tick education

Total (%)

371

12

10.3

0.591

371

12

28.1

0.005

369

12

29.4

0.003

256

6

4.2

0.655

Likelihood of returning after experiencing an in-park tick bite
Not likely (%)

3.3

7.6

11.4

9.1

Somewhat unlikely (%)

4.4

14.1

13.8

10.6

Neutral (indifferent) (%)

14.4

15.2

14.6

33.3

Somewhat likely (%)

23.3

23.9

24.4

15.2

Very likely (%)

54.4

39.1

35.8

31.8

Total (%)

100.0

100.0

100.0

100.0

Likelihood of returning if regional cases of tick-borne illnesses increase by 10-30%
Not likely (%)

4.5

6.5

8.9

4.6

Somewhat unlikely (%)

13.5

15.2

11.4

16.9

Neutral (indifferent) (%)

28.1

27.2

26.0

43.1

Somewhat likely (%)

15.7

15.2

33.3

15.4

Very likely (%)

38.2

35.9

20.3

20.0

Total (%)

100.0

100.0

100.0

100.0

Preferred Ontario Parks tick-related communication strategy
On-site (%)

46.7

48.6

61.0

55.3

Off-site (%)

28.3

23.6

18.2

23.4

Other (%)

25.0

27.8

20.8

21.3

Total (%)

100.0

100.0

100.0

100.0

4.4.4. Visitor Segmentation
A Principal Component Analysis (PCA) is a valuable analytical tool for exploring the
interrelationships amongst variables (Lemieux et al, 2015). Specifically, a PCA is a type of
exploratory factor analysis that is often used to reduce large variable sets into a smaller number
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of factors by revealing strong statistical patterns in the data (Vaske, 2008). Following the
pairwise exclusion of missing cases, Bartlett’s test of sphericity (p < .001) and the KMO measure
of sampling adequacy (0.77) indicated that a PCA was appropriate for uncovering visitor
segments existing within this study’s sample. Several variables were selected for the PCA
including the likelihood of taking various tick prevention measures (both before and during the
park visit), the perceived risk of various in-park hazards, the perceived importance of various
Ontario Parks tick-related communication strategies, and sociodemographic characteristics (age
and gender).
A PCA of 17 items yielded a five-component (i.e., segment) solution with a defined
coefficient set limit of +/- 0.30 (see Table 4.5). The first segment, representing 25.6% of the
variance in the dataset, consists of visitors who are likely to take the time to learn about ticks
during their visit to the Pinery. More specifically, individuals within this group are likely to
speak with parks personnel, explore the Ontario Parks website, and read educational signage
during their park visit to improve their understanding of ticks and tick-borne illnesses.
The second segment, representing 10.5% of the variance in the dataset, consists of
individuals with high risk perceptions of in-park hazards (i.e., human-related, wildlife, and
natural hazards). Individuals within this group perceive that they will likely have a “tick
experience” (i.e., get a tick on their body, experience a tick bite, contract a tick-borne illness as a
result of a park tick bite) while spending time in the Pinery.
The third segment, representing 8.1% of the variance in the dataset, consists of females
that are likely to practice non-education-focused tick prevention strategies while spending time
in the Pinery (i.e., avoiding tick habitat, wearing protective clothing, using other personal tick
protection methods such as carrying a tick key). These individuals also tend to see great value in
the implementation of various Ontario Parks tick-related communication strategies.
The fourth segment, representing 7.2% of the variance in the dataset, consists of older
visitors who have a high likelihood of returning to the Pinery after an in-park "tick experience"
(i.e., get a tick on their body, experience a tick bite, contract a tick-borne illness as a result of a
park tick bite). Individuals within this segment are also likely to look for tick-related information
through online platforms (i.e., Ontario Parks website, Public Health Ontario website, Friends of
Pinery website, related social media pages) before their park visit.
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Lastly, the fifth segment, representing 6.8% of the variance in the dataset, consists of
individuals who have a strong likelihood of learning about ticks before their visit through
conversation with both experts (i.e., medical practitioners, parks personnel) and non-experts (i.e.,
friends, family). These visitors are unlikely to use online platforms (i.e., Ontario Parks website,
Public Health Ontario website, Friends of Pinery website, related social media pages) to learn
about ticks before their visit.

Table 4.5. Principal component analysis of visitor perceptions, behaviours, and sociodemographic characteristics.
Component
1

2

3

4

5

Eigenvalue

4.4

1.8

1.4

1.2

1.2

% of Variance

25.6

10.5

8.1

7.2

6.8

Cumulative %

25.6

36.2

44.2

51.4

58.2

Factor Loadings

n

Likelihood of learning about ticks through parks personnel during visit

.834

413

Likelihood of learning about ticks on a website during visit

.783

410

Likelihood of learning about ticks through park signage during visit

.710

Learn about ticks before visit using a Website or Social Media

.485

.320

409
.410

-.317

416

Risk perception of in-park human-related hazards

.767

415

Risk perception of in-park wildlife hazards

.756

415

Risk perception of in-park natural hazards

.717

416

Perceived likelihood of having a "tick experience" in the park

.580

416

Likelihood of avoiding tick habitat during visit

.721

414

Likelihood of wearing protective clothing during visit

.713

413

.580

414

Perceived importance of Ontario Parks tick-related communication
strategies (Overall Score)1

.502

411

Gender

.395

414

Likelihood of using personal tick protection methods during visit

.510

Age

.732

413

Likelihood of returning after an in-park "tick experience"

.672

416

64

Learn about ticks before visit through External Conversation
Learn about ticks before visit through Parks Personnel

.301

.758

416

.639

416

Note: Varimax with Kaiser Normalization Rotation Method used; converged in 13 iterations.
1. Calculated as a sum of the original series of 7 ratings, measured in their original ordinal categories.

4.4.5. Tick Communication
In an open-ended response format, participants reported how they believe Ontario Parks
can better communicate information on tick bite prevention both before and during one’s park
visit. Through analysis of 278 responses, thirteen themes were identified and sorted into three
broader theme categories as shown in Table 4.6 with frequency counts and example illustrative
quotes. Over half of respondents (53.6%) suggested that Ontario Parks should continue or begin
implementing various forms of on-site communication strategies such as providing informative
pamphlets/newsletters and improving park signage. Nearly one-quarter of respondents (23.0%)
suggested that Ontario Parks should continue or begin implementing various forms of off-site
communication strategies such as sending tick-related information by email or on the Ontario
Parks website. Lastly, 23.4% of participants suggested various forms of other communication
strategies such as sticking with or refining existing tick-related strategies.

Table 4.6. Descriptive analysis of visitor recommended strategies to better communicate
information on tick bite prevention (n = 278).
Location

Communication Strategy
Provide informative pamphlets/newsletters

On-site
(n=149)
(53.6%)

Example Quote
“Provide the Pinery Newspaper again.
It was informative and useful.”

(n)

%

49

17.6

Improve in-park signage

“More signage and info throughout the
park. There’s not much.”

40

14.4

Provide information upon park entrance

“Explain the risks and prevention
strategies upon arrival”

25

9.0

Have information readily available

“Make it easy to find information and
get help if needed.”

15

5.4

“Post more info in public spaces like
washrooms and shops.”

9

3.2

“Brief information before the start of
outdoor interpretive programs.”

8

2.9

Provide more information in public spaces
throughout the park (i.e., washrooms, shops,
trailheads)
Improve visitor centre/interpretive
programming/staff-related communication

65

Off-site
(n=64)
(23.0%)

Sell/provide visitors with tick keys

“Provide tick keys and instructions for
use.”

3

1.1

Send emails with tick-related information

“Email tick information to visitors
upon campsite registration.”

45

16.2

Provide tick-related information on the Ontario
Parks website

“Updated easily accessible info online
on the park site for pre-planning.”

13

4.7

Improve social media/TV/radio-related
communication

“More info on social media”

6

2.2

43

15.5

13

4.7

9

3.2

278

100.0

Include more specific information within
existing methods

“I am sure they are doing all they can.
I as a visitor should take more
responsibility.”
“Show maps with tick bite locations
similar to wildlife sighting maps.”

Broadly improve communication/visitor
awareness

“Improve current communication
programs.”

Existing strategies are sufficient
Other
(n=65)
(23.4%)

4.5. Discussion
This study provides a number of novel findings that encourage the use of population
segmentation as a practical measure in the development of tick-related risk communication
products. By analyzing the sociodemographic characteristics of provincial park users in
conjunction with tick-related perceptions and behaviours, new and effective strategies can be
developed to prepare both current and prospective visitors for the risks of ticks and tick-borne
illnesses in parks without sacrificing visitation or visitor experiences.
With respect to tick-related knowledge, perceptions, and behaviours, few visitors feel
sufficiently educated about ticks and tick-borne illnesses and the majority of visitors believe
there is a pronounced risk of experiencing a tick bite while spending time in the Pinery. Results
indicate that nearly one-quarter of visitors will be unlikely to return to the Pinery after
experiencing an in-park tick bite during their visit. Furthermore, nearly one-half of visitors
reported being unlikely to visit the park if rates of tick-borne illnesses increase by 10-30% within
the Lambton Shores region. If visitors continue to hold these perspectives and regional rates of
tick-borne illnesses continue to increase throughout southern Ontario, visitation to the Pinery,
along with other protected areas within the Ontario Parks system, could face severe financial
implications. Even if visitation rates continue business as usual, or even increase, visitor
behaviour within The Pinery could change substantially based on perceptions of risk. These
66

findings stress the importance and urgency of properly communicating information on tick bite
prevention to visitors both before and during their visit to Ontario provincial parks.
Several interesting findings were uncovered when visitor travel distance was compared
with the sociodemographic and tick-related traits of visitors. While no significant correlations
were found between travel distance and one’s gender or age, it was discovered that those
travelling further distances to visit the Pinery are significantly more likely to be visiting the park
for the first time or for longer periods than those who travel shorter distances to reach the park.
These findings are consistent with the results of previous studies that have explored the
relationships between visitor travel distance and sociodemographic and behavioural
characteristics among nature-based tourists (Eagles et al., 2015; Nicolau, Zach & Tussyadiah,
2018; Nyaupane & Graefe, 2008; Silberman, 1985).
Interestingly, no significant correlations were uncovered between travel distance and
tick-related risk perceptions or self-reported tick education levels. These results may be
indicative of the normalization of tick-related risk throughout many of southern Ontario’s most
populated regions (including Toronto, Hamilton, London, and Niagara Falls) (Public Health
Ontario, 2021b). As the risks of ticks and tick-borne illnesses increase in one’s home region, it
can be assumed that one’s tick-related perceptions and education levels will rise. Further findings
indicate that those who travel further distances to get to the Pinery are significantly less likely to
return to the park if they experience an in-park tick bite during their visit or if regional cases of
tick-borne illnesses increase by 10-30%. This phenomenon may be attributed to the concept of
distance decay effect which demonstrates how demand tends to exponentially decline as distance
from a source increases (McKercher, 2018). Perhaps this effect combined with the costs of longdistance travel and the added risk of contracting a life-altering tick-borne illness may compel
individuals to find safer opportunities for outdoor recreation in alternative locations. As a result,
tick-related education efforts that specifically target these individuals may encourage a sense of
safety amongst visitors. These efforts could in turn enhance one’s openness to returning to the
Pinery, even as reported instances of tick encounters and tick-borne illness cases continue to rise.
The results of this study demonstrate the utility of using principal component analysis for
uncovering distinct segment groups within a visitor population. In total, five homogeneous
visitor groupings were discovered when various sociodemographic and tick-related
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perception/behaviour variables were considered. For example, it was discovered that one notable
group of visitors tend to seek out various forms of tick-related education during their visit to the
park. Other particular groupings consist of individuals with high risk perceptions of various park
hazards (including tick encounters), females who practice tick prevention strategies during their
park visit, and older visitors who use the internet for pre-visit tick information and are likely to
return to the park even after undergoing a “tick experience” during their park visit. These results
offer novel insight for park managers who see the value in catering communication messaging
towards distinct groups of visitors, rather than a park’s visitor population as a whole. Doing so
may prove to be a critical management tactic in mitigating the visitation-related impacts
associated the rapid spread of ticks and tick-borne illnesses throughout Ontario.
Results indicate that the Pinery’s visitor population values a wide range of Ontario Parks
strategies for the communication of tick bite prevention information. Specifically, it is apparent
that having both on-site and off-site communication in the form of physical information
pamphlets/newsletters as well as digital emails containing tick-related information is essential for
visitor satisfaction. In conjunction with other recommended communication options (i.e.,
improving in-park signage, providing information upon park entrance, improving tick-related
interpretive programming, providing tick-related information on the Ontario Parks website and
social media pages) these responses may be of considerable value to Ontario Parks managers as
they highlight areas that should be considered for improvement. By taking the feedback of
visitors into account through the development of new tick-related outreach mechanisms, park
managers can rest assured that the financial allocations of such developments are worthwhile.

4.5.1. Recommendations
Findings encourage immediate action within the upper-level of Ontario Parks
management through the development of new policy frameworks and risk mitigation and
communication guidelines. Emphasis should also be placed on the creation and implementation
of novel, segment-focused tick prevention outreach strategies to better communicate the risk of
ticks and tick-borne illnesses to current and prospective park visitors. While the results of this
study are representative of Pinery Provincial Park’s visitor population, the following
recommendations should be considered by not only managers of the Pinery but by the managers
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of all parks within the Ontario Parks agency that see value in enhancing park-to-visitor
communication regarding tick and tick-borne illness risk prevention.
Currently, managers of the Ontario Parks system act in accordance with the 2006
Provincial Parks and Conservation Reserves Act. This Act promotes the protection of all
provincial parks and conservation reserves within Ontario and more specifically calls for the
protection of Ontario’s natural and cultural heritage, as well as the maintenance of ecological
sustainability within these areas. Furthermore, the Act outlines a range of management strategies
to ensure the safety of visitors in relation to various in-park threats including wildlife encounters,
fires, flooding, and vehicle use (Ontario, 2006). While this Act is an excellent starting point for
the development of new tick-related outreach, it does not currently contain any information in
regard to epidemiological threats which suggests that updates are necessary. It is recommended
that this Act is amended to address the extent to which the Ontario Parks agency and included
protected areas are held responsible for keeping visitors safe from zoonotic diseases and vectorborne illnesses in parks. By outlining this commitment within a written legislative framework,
Ontario Parks can establish the growing risk of ticks and tick-borne illnesses as a significant
threat that must be immediately addressed throughout the agency.
It is further recommended that the Pinery, and all other Ontario provincial parks located
in Lyme disease “risk areas”, include reference to zoonotic disease and vector-borne illnessrelated risk prevention within their park management plans. To begin this process, Ontario Parks
managers should explore the work of tourism agencies in other regional contexts to determine
best practices for addressing visitor health and safety threats within park planning
documentation. In the United States, federal land management agencies (such as the National
Park Service, the Bureau of Land Management, and the U.S. Fish and Wildlife Service) use an
Interagency Visitor Use Management Framework (2016) for analyzing and managing visitor use.
The framework outlines the key elements of visitor use management (building foundation,
defining visitor use management direction, identifying management strategies, and
implementing, monitoring, evaluating, and adjusting management strategies) and calls for the use
of a “sliding scale of analysis” to address the levels of risk associated with park issues (US
IVUMC, 2016). The exploration of other examples such as New South Wales’ National Parks
and Wildlife Service’s Visitor Safety Policy may also prove to be beneficial. This policy guide
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provides information on the prioritization of park risks, aspects to consider in risk assessment,
risk management responses, and the formulation and communication of safety and risk-related
messaging (NSW NPWS, 2021). By incorporating information of this kind into an updated
management plan, Ontario park managers will be able to better address current and emerging
park risks that threaten the health and safety of visitors.
In addition to these updates, park managers should consider creating a structured toolkit
on tick-related risk communication to be included as a supplementary resource within Ontario’s
Protected Areas Planning Manual (Ontario, 2021). Specifically, this toolkit should describe the
various elements involved with planning, executing, and evaluating risk communication
programming for distinct population segments within the broader park visitor population. In
2015, the European Centre for Disease Prevention and Control published a communication
toolkit to assist European Union member states in raising awareness of tick-related risk amongst
various target audiences (including healthcare professionals, members of the general public,
visiting travelers, and children). The toolkit specifically addresses how to cater educational
content towards each of these audience groups and details various aspects to consider when
developing communication interventions such as costs, products, distribution strategies,
promotion, and partnership opportunities (ECDC, 2015). It is strongly recommended that Ontario
Parks develop a similar toolkit as this will allow individual protected areas within the parks
system to carry out consistent tick-related outreach activities that consider the varying needs,
perceptions, and behavioural tendencies amongst specific visitor groups. As consistently proven
in a variety of other contexts, this practice of segment-oriented communication will likely be
very effective in comparison to traditional mass marketing strategies (Randle & Dolnicar, 2017;
Tanner & Raymond, 2010).
Ontario Parks may also benefit from the inclusion of risk perception-related questions
within the annual Ontario Parks Visitor Use Survey. In its current state, this survey serves as an
invaluable opportunity for park managers to collect yearly data involving visitor demographics,
visitation habits, reasons for choosing parks, trip experiences, and economic evaluations (Ipsos,
2012b). By updating this survey to include questions involving in-park risk perceptions,
managers can better monitor how risk perceptions may change over time and vary amongst
specific parks or park regions. This strategy may prove to be especially beneficial when
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considering the risk perceptions of ticks and tick-borne illnesses in parks as these threats will
likely continue to increase in the coming years. Based on these findings, managers can make
evidence-supported decisions when allotting resources for the enhancement of park-to-visitor
risk communication throughout the Ontario Parks system.
In conjunction with addressing the lack of tick-related content within upper-level park
policy and planning documentation, it is recommended that Pinery Provincial Park develops and
implements a number of new communication approaches designed to increase tick awareness
and education amongst distinct segments of the park’s visitor population. Specifically, park
managers should work to create educational programming aimed at those who travel roughly 150
kilometers or more to arrive to the Pinery. Research shows that the further geographical distance
that one travels to reach a destination, the more money they typically spend in their destination
(Nyaupane & Graefe, 2008). Since results indicate that these individuals are less likely to return
to the park after experiencing various tick-related scenarios, emphasis must be placed on
promoting the Pinery as a safe location for tourism and outdoor recreation amongst this
population. Possible outreach strategies could involve sharing adaptive measures to reduce one’s
risk of tick encounters while spending time in the park (i.e., avoiding tick habitat, wearing
protective clothing, performing personal tick checks). Another strategy could involve promoting
the threat of ticks as a widespread geographical issue rather than a challenge that exists only
within the boundaries of parks and protected areas. By highlighting that ticks are often found in
many common settings such as playgrounds, gardens, picnic areas, and suburban backyards
(CDC, 2020; Cornell University, 2022), the possible presumption that protected areas are
locations of elevated tick-related risk may be reduced, encouraging continued visitation in the
coming years. Overall, targeting this population of long distance travellers with segment-specific
outreach will likely lead to continued visitor interest in the coming years (regardless of Ontario’s
rising rates of ticks and tick-borne illnesses).
Finally, Pinery Provincial Park as well as other parks situated in endemic tick zones
should work to improve the aforementioned areas where information on tick bite prevention can
be better communicated. Specifically, managers should prioritize the distribution of informative
emails and physical pamphlets to ensure visitors are equipped with the knowledge needed to
reduce one’s risk of tick exposure while enjoying outdoor recreation. Managers should also
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consider increasing the amount of physical tick-related signage throughout parks to ensure that
visitors are consistently reminded about the risk of ticks while spending time in various park
locations. In addition to traditional signage postings (i.e., park message boards, trailheads),
managers should install informative signage in other park locations such as washroom/shower
stalls, campsite posts, and picnic tables. By enhancing visitor awareness and knowledge on tick
prevention through these recommended strategies, Ontario Parks can significantly reduce the
risks associated with tick bites and tick-borne illnesses.

4.5.2. Limitations
While this study has produced a variety of novel findings that can aid park managers with
the development of new tick-related outreach programs, results should be interpreted with
caution as they are subject to possible research limitations. Firstly, it is possible that the use of
digital tablets as a means of data collection posed a bias to those who chose to take part in the
study. The average age of study participants was 41 years old, however, only 28% of participants
were over the age of 49. Due to a possible disconnect and a lack of experience with digital
technologies (Knowles & Hanson, 2018; Smith, 2014) older individuals within the Pinery’s
visitor population may have been underrepresented within this study’s sample. On account of
this possibility, it is difficult to accurately generalize results pertaining to the tick-related
perceptions and behaviours amongst older visitors.
Additionally, limitations surrounding the qualitative analysis of open-ended visitor
responses may have influenced the results of this study. While this process was informed by
Braun & Clarke’s (2006) six-step framework of thematic analysis, a well-trusted guide amongst
qualitative researchers, results may have been influenced by possible researcher biases. For
example, the process of reducing a wide assortment of diverse participant responses into a
condensed list of themes may have been impacted by the researcher’s cognitive biases (due to
the subjective nature of the process) (Young et al., 2017). More specifically, carrying out this
process with only one researcher may have led to the omission of alternative viewpoints and key
insights within the dataset (Turner, 2020). As such, opting to code this data with a collaborative
team may have been an effective way to reduce the coding biases associated with analyzing
open-ended responses, leading to outcomes with enhanced reliability (Richards & Hemphill,
2018).
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4.6. Conclusions
As reported cases of tick encounters and Lyme disease cases continue to rapidly increase
throughout Canada, it is of utmost importance that nature-based tourists are adequately educated
on tick bite prevention. While not held solely responsible, park agencies play a critical role in
ensuring that visitors are equipped with the knowledge necessary to mitigate the risks associated
with ticks and tick-borne illnesses before spending time in natural areas. As such, measures
urgently are needed to ensure park-to-visitor communication is sufficient. This research
represents the first Canadian study to construct homogenous visitor segments when taking tick
and tick-borne illness-related perceptions and behaviours into account. Results highlight a
pressing need for enhanced communication programming as a significant proportion of visitors
are uneducated about ticks and tick-borne illnesses in Ontario and only half of visitors reported
being likely to return to the park if regional cases of tick-borne illnesses continue to increase (as
projected). Results also identify several distinct visitor groupings within Pinery Provincial Park’s
broader visitor population that should be targeted with tailored outreach products. Through the
analysis of these findings, we have provided a number of novel insights and recommendations
that can help guide the development of new management policies and risk communication
strategies in regard to tick bite prevention both within and outside of park boundaries. With these
strategies in place, park users will be much better equipped with the knowledge necessary to
reduce the risks associated with tick encounters, allowing for the continued enjoyment of the
benefits that protected and conserved areas provide.
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CHAPTER 5:
CONCLUSION
5.1 Collective Findings
Lyme disease is one of the fastest growing vector-borne illnesses in North America and
reported cases of the illness are expected to continue increasing throughout the coming years.
Despite a relatively low historical risk of contracting Lyme disease in Canada, national cases of
the illness have increased by over 1,700% since it was declared a notifiable health risk by the
Government of Canada in 2009 (Government of Canada, 2021). Ontario, Canada’s most
populated province, accounts for nearly 44% of all nationally reported cases (Public Health
Ontario, 2021a). Further, due to under-reporting, the true number of Lyme disease cases
throughout Canada may be significantly higher. These increases throughout Canada broadly and
Ontario more specifically is cause for concern. Due to the novelty of this rising risk, Canadians
may be unaware of personal tick prevention measures and the associated threat of tick-borne
illnesses which present significant challenges for Canadian health authorities and nature-based
tourism organizations.

As the risk of contracting Lyme disease continues to increase throughout Canada, it is of
the utmost importance that Canadians are equipped with the knowledge necessary to mitigate
tick encounters while spending time in natural environments. To encourage widespread tickrelated education and awareness, it is critical that public perceptions and behaviours related to
ticks and tick-borne illnesses are understood. In an effort to explore these perceptions and
behaviours, the goal of this work was to better understand the implications of Lyme disease for
visitation and visitor experiences in Ontario protected and conserved areas. Collectively, both
Manuscript 1 (Chapter 3) and Manuscript 2 (Chapter 4) represent an unprecedented academic
undertaking by exploring the tick-related perceptions and behaviours of nature-based tourists
within a Canadian parks and protected area context. Doing so produced a range of new insights
involving tick and tick-borne illness-related visitor education, preparedness, risk assessment, and
outreach preferences as discussed throughout. In light of these findings, a number of proactive
management recommendations, focused on developing or enhancing pre-visit education,
communication, and outreach programmes where appropriate, have been provided which can aid
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managers in effectively addressing this emerging human health and safety challenge in protected
areas.

5.2 Manuscript 1 – Principal Findings
Chapter 3 provides a comprehensive summary of the background and literature relevant
to the study topic while outlining the initial findings of this research. Results revealed a range of
novel and significant discoveries with important implications for visitor experience planning and
management. Specifically, results showcase that despite having high risk perceptions of ticks,
Ontario Parks users are under-educated about ticks and tick-borne illnesses. Further, while most
visitors would return to Pinery Provincial Park if bitten by a tick, a high proportion of visitors
noted that they would be unlikely to return to the park if they or someone they know contracted a
tick-borne illness as a result of a park tick bite. It was also discovered that less than half of
participants would likely return to the park if regional rates of tick-borne illnesses increased by
30% under future climate change. Lastly, findings highlight the value in balancing both on- and
off-site tick-related outreach strategies for the communication of park-to-visitor tick-related
information.

5.3 Manuscript 2 – Principal Findings
Chapter 4 builds on the principal findings of Chapter 3 through further statistical analyses
in the form of distance/travel analysis, visitor segmentation analysis, and the analysis of openended visitor responses. Results showcase those travelling longer distances to visit the park as a
notably risk-averse population segment as these individuals are significantly less likely to return
to Pinery Provincial Park if regional cases of tick-borne illnesses continue to increase. Further, a
thematic analysis of visitor responses once again revealed the importance of having both on- and
off-site measures for the communication of tick-related information. Of these measures, the most
highly valued strategies include providing visitors with informative pamphlets/newsletters upon
park entry and sending emails to visitors that contain tick-related information. Lastly, a principal
component analysis uncovered five distinct visitor groupings that exist within the wider
population of Pinery Provincial Park users. Based on these findings, it is recommended that park
managers consider the development of segment-tailored outreach products to enhance tickrelated knowledge and awareness.
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5.4 Final Thoughts
The findings presented throughout this report highlight a range of both upper- and lowerlevel management strategies that should be considered for implementation to better prepare
visitors for the risks of ticks and tick-borne illnesses while spending time in natural environments
(both within and outside of parks). As discussed, it is imperative that park managers work
towards updating existing management plans to further include information on tick-related risk
while establishing new policy frameworks and guidelines that address risk mitigation and
communication across the Ontario Parks agency. As seen in a number of international and
regional contexts, these strategies are fundamental in maintaining visitor safety in protected areas
despite the continuous emergence of new public health threats. By addressing risk through
upper-level organizational management, park agencies can exemplify the urgency of risk
mitigation which will encourage action within the scope of individual park management. This
research emphasizes the important role of developing strategic risk communication plans when
addressing challenges that threaten visitor health and well-being in parks. By empowering
visitors with the knowledge needed to reduce the inherent risks associated with spending time in
natural environments, managers can ensure the benefits of parks and protected areas can be
enjoyed for years to come.
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Appendix A: Participant Survey
Visitor Knowledge, Perceptions, and Behaviour Related to Ticks
Christopher Lemieux (Associate Professor), Jessica Kaatz (MES Candidate), Ryan Brady (BES
Candidate), Dr. Sean Doherty (Professor)
Department of Geography & Environmental Studies, Wilfrid Laurier University

1. Please enter your participant code provided by your surveyor.

Part 1: Personal Experience with Ticks and Tick Bites
1. Have you personally experienced a tick on your BODY at any time in your life?
Yes – once
Yes – more than once
No
Not Sure
Condition for Q2: Display if answer to Question 1 is yes.
2. Have you personally experienced a tick BITE at any time of your life? Please select one
option.
Yes – once
Yes – more than once
No
Not Sure
Condition for Q3: Display if answer to Question 1 is yes.
3. Have you personally experienced any tick-borne disease, such as Lyme, at any time in
your life? Please select one response option.
Yes – once
Yes – more than once
No
Not Sure
4. Do you know at least one other person who has experienced a tick bite at any time in
their life? Please select one option.
Yes
Yes – more than one
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No
Not Sure
Condition for Q5: Display if answer to Question 4 is yes.
5. Do you know at least one other person who has experienced any tick-borne disease, such
as Lyme, at any time in their life? Please select one option.
Yes
Yes – more than one
No
Not Sure
Condition for Q6: Display if answer to Question 5 is yes.
6. Were any of these people an immediate family member? Please select one option.
Yes
No
Prefer Not to Answer

7. Do you own a cat, dog or other outdoor animal (e.g., cow, sheep, horse)? Please select
one option.
Yes
No
Condition for Q8: Display if answer to Question 7 is yes.
8. Do you currently vaccinate any of these animals against any other tick-borne diseases,
such as Lyme? Please select one option.
Yes
No
Not sure
9. Have any of these animals ever been bitten by a tick? Please select one option.
Yes
No
Not sure
Condition for Q10: Display if answer to Question 9 is yes.
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10. Have any of these animals ever contracted any tick-borne diseases such as Lyme? Please
select one option.
Yes
No
Not sure
PART 2: Perceived Risk
a. Awareness (Knowledge)
1. Please identify any of the Canadian tick-borne illnesses that you have heard of before
(please select all that apply).
Lyme disease
Babesiosis
Human granulocytic anaplasmosis
Rocky Mountain Spotted Fever
Powassan
2. Using the scale below, please rate your perceived overall level of education of ticks and
tick-borne diseases in Ontario. Please select one option.
1 – Not at all educated
2 – Slightly educated
3 – Somewhat educated
4 – Moderately educated
5 – Extremely educated
b. Perceived Risk
1. Using the scale below, how concerned are you of being bitten by a tick in everyday life
when outdoors (i.e., not during this visit)? Please select one option.
1 – Not at all concerned
2 – Slightly concerned
3 – Somewhat concerned
4 – Moderately concerned
5 – Extremely concerned
2. Using the scale below, how concerned are you of contracting a tick-borne disease from
when outdoors in everyday life (i.e., not during this visit)? Please select one option.
1 – Not at all concerned
2 – Slightly concerned
3 – Somewhat concerned
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4 – Moderately concerned
5 – Extremely concerned
3. Please rank how risky you feel the following scenarios are at this park? Please select one
option for each statement. Please select one option for each statement.
1 - Insignificant risk
Water (ex. Fishing/swimming/canoeing) 2 - Minor risk
3 - Moderate risk
Campfire
Hiking (ex. Slip/trip/fall on road/trail or 4 - Major risk
5 - Severe risk
other park infrastructure)
Mountain Biking
Weather-related risk (rain, lightning)
Automobile traffic
Wildlife encounter
Lost/missing person
Social conflict with other visitors
Tick bite
Poison Ivy
Mosquito-bite infections (e.g., West
Nile, Malaria)
4. How likely do you think any of the following events will occur during your visit to the
park?
You get bitten by a tick
You become ill as a result of a tick bite
You contract a tick-borne disease

1 – Not likely
2 – Somewhat unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely

c. Behaviour:
1. During your visit, do you consciously limit yourself from spending time in areas where
ticks may be more prevalent? Please select one option.
Yes
No
2. In what ways, if any, did you prepare to protect yourself from tick bites prior to your
current visit (please select all that apply).
Learn about ticks on the Ontario Parks website
Learn about ticks on another government website, such as Public Health Ontario
Learn about ticks on the “Friends of Pinery” website
Reviewed content posted on social media (e.g., Facebook, Twitter, etc.)
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Phoned Ontario Parks information number
Talked to a Medical practitioner, such as your family doctor
Talked to friends/family or others
Learn about ticks from a Discovery (Natural Heritage Education) program or park
interpreter
I did not prepare to protect myself against ticks
3. During your current visit, what is the likelihood that you take the following measure(s), if
any, to protect yourself from tick bites? Please select one option for each statement.
Please scroll down to see all responses.
Use covering pants and long-sleeved shirt or
jacket
Use mosquito or tick repellant
Wear socks
Avoid tall grass and bushes
Examine body for ticks
Learn about ticks on Ontario Parks website
Learn about ticks on another government
website, such as Public Health Ontario
Learn about ticks at the Visitor Centre
Learn about ticks at trailheads
Learn about ticks at washrooms
Discuss tick prevention with park staff,
including Natural Heritage Educators
Avoid activities in areas where there is a risk
of ticks
Carry a Tick Key

1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely
6 – I have done this already during my visit

d. Management
4. What is the likelihood of returning to this park if you personally get a tick on your body?
1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely
5. What is the likelihood of returning to this park if you personally get bitten by a tick?
Please select one option.
1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
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4 – Somewhat likely
5 – Very likely
6. What is the likelihood of you returning to this park if someone you are visiting with gets
bitten by a tick? Please select one option.
1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely
6 – N/A (if you are alone)
7. What is the likelihood of returning to this park if you personally contract a tick-borne
disease? Please select one option.
1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely
8. What is the likelihood of returning to this park if someone you are currently visiting with
contracts a tick-borne disease? Please select one option.
1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely
6 – N/A(if you are alone)
9. What is the likelihood that you would return to this park if reported incidents of tickborne diseases in the region increased by (Please select one option for each statement)?
10%
20%
30%

1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely

10. In everyday life, what is the likelihood that you would continue to do the following
activities if you were bitten by a tick while doing them? Please select one option for each
statement.
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Gardening
Playing sports in natural areas, such as soccer
Yard maintenance
Walking your dog along trails or other natural
areas
Picnicking and other related social activities
in natural areas

1 – Not likely
2 – Somewhat Unlikely
3 – Neutral (indifferent)
4 – Somewhat likely
5 – Very likely
6 – Not applicable

11. How important do you feel the following Ontario Parks communication strategies are
with respect to tick bite prevention in its parks? Please select one option for each
statement.
Providing pre-visit information on ticks with
campsite reservation confirmation emails
Providing tick information on the Ontario
Parks website
Providing visitors with flyers that contain tick
information upon entry to the park (i.e.,
within the park newspaper)
Having staff available to answer tick
questions
Having information on ticks available at the
Visitor Centre
Posting tick information on the “Friends of
Pinery” website
Posting tick information on the “Friends of
Pinery” phone app “Explore Pinery”

1 - Not at all important
2 - Low importance
3 - Slightly important
4 - Neutral (indifferent)
5 - Moderately important
6 - Very important
7 – Extremely important

12. In your opinion, what can Ontario Parks do to better communicate information on tick
bite prevention before or during your visit? (open-ended)
PART 3: Participant Information
1. How many days will you spend in the park on this visit? ________________ (numeric)
2. About how frequent do you interact with nature (e.g., participate in outdoor activities,
visit provincial or urban parks, work in gardens, walk in the forest, etc.)?
Almost Never (e.g., just a few times a year)
Rarely (e.g., about once a month)
Sometimes (e.g., once every few weeks)
Often (e.g., once a week)
Always (e.g., almost daily)
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3. Is this your first visit to the Pinery?
Yes
No
Condition for Q4: Display if answer to Question 3 is no.
4. Who is accompanying you on this visit? (Please check all that apply)
No one
Spouse, partner or significant other
Children (under 18 years of age)
Other family
Friends
Co-workers
Other
5. In what year were you born? (e.g., 1977) ______________ (numeric)
6. What is your gender?
Male
Female
Other
7. What is your postal (or zip) code? _____________________ (alpha-numeric)
8. What is the highest degree, certificate or diploma you have obtained?
No certificate, diploma or degree
Secondary (high) school diploma or certificate
Registered apprenticeship or trades certificate or diploma
College, CEGEP or other non-university certificate or diploma
University certificate or diploma below the bachelor’s level
University certificate or diploma at the bachelor’s level
University certificate or diploma above the bachelor’s level
9. What is your current employment status?
Employed (work for pay or self-employed)
Unemployed (without paid work or without self-employment work, and available for
work)
Not in the labour force (students, homemakers, retired workers, seasonal workers in
an off season, long term illness or disability)
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10. What is your total household income from all sources before taxes?
Less than $25,000
$25,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000-$124,999
$125,000-$149,999
$150,000 or more
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Appendix B: Informed Consent Statement

WILFRID LAURIER UNIVERSITY INFORMED CONSENT STATEMENT
Visitor Knowledge, Perceptions, and Behaviour Related to Ticks at Pinery Provincial Park
Ryan Brady (BES Student), Jessica Kaatz (MES Student), Christopher Lemieux (Associate
Professor - Dept of Geography and Environmental Studies) and Sean Doherty (Professor - Dept
of Geography and Environmental Studies)
INTRODUCTION AND PURPOSE
My name is . I am a [undergraduate/graduate] student at Wilfrid Laurier University working
with my faculty supervisor, Professor Chris Lemieux in the Department of Geography and
Environmental Studies. I would like to invite you to take part in my research study, which
concerns visitor knowledge, behaviour, and attitudes towards ticks at Pinery Provincial Park.
WHAT YOU ARE BEING ASKED TO DO
You are being asked to voluntarily complete a survey on a tablet. It involves questions about
your knowledge, attitudes, and behaviour (e.g., pre-visit, during your visit, and post-visit)
regarding ticks and should take about 8 – 12 minutes to complete. By selected “Start Survey”
you will demonstrate your full consent to participate.
BENEFITS
There is no direct benefit to you for taking part in this study. However, it is expected that the
results of the research will make a significant impact academically and used to provide policy,
planning, and management recommendations that will enhance visitor safety in parks and other
forms of protected areas in Ontario. There is very little understanding of the impacts of ticks on
visitor experiences in an Ontario provincial park context.
PARTICIPATION & CONFIDENTIALITY
Approximately 400 participants will be surveyed in this study. Your participation in this study is
voluntary; you may decline to participate without penalty. No identifying information will be
collected by the researchers (e.g., name, address, etc.). Therefore, survey responses will be
completely anonymous.
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If you decide to participate, you are free to decline to answer any questions you do not wish to
answer, or you can stop participating at any time by handing the tablet back to the researchers
and notifying them that you no longer want to participate in the study.
HOW YOUR INFORMATION WILL BE PROTECTED AND STORED
The survey uses Harvest Your Data software. It is important to reiterate that we do not collect
any identifying information. Therefore, the survey is completely anonymous.
To further protect your information, data stored by the researchers will be password protected
and/or encrypted. Any future publications will include collective information (i.e., aggregate
data). Your individual responses (i.e., raw data) will not be shared with anyone outside of the
research team.
When the research is completed, the researcher/s will keep the data for up to 3 years after the
study is over.
CONTACT
If you have questions at any time about the study or the procedures, you may contact Dr.
Christopher Lemieux at clemieux@wlu.ca. This project has been reviewed and approved by the
University Research Ethics Board (which receives funding from the Research Support Fund). If
you feel you have not been treated according to the descriptions in this form, or your rights as a
participant in research have been violated during the course of this project, you may contact
Jayne Kalmar, PhD, Chair, University Research Ethics Board, Wilfrid Laurier University, (519)
884-1970, extension 3131 or REBChair@wlu.ca.
CONSENT
I have read and understand the above information.
By selecting “Start Survey” on the tablet, I agree to participate in this study.
DEBRIEFING NOTE
Thank you for your participation in this important study. If interested, the results of the study
will be uploaded to Dr. Christopher Lemieux’s faculty webpage (at
https://www.wlu.ca/academics/faculties/faculty-of-arts/faculty-profiles/christopherlemieux/index.html) once all data is collected and analyzed.
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